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Preface

The purpose c' this thesis was twofold. The first

objective was to complete the development of the Air Force

Institute of Technology (AFIT) Far-Field Radar Range with an

automated and fully calibrated measurement process. The

second objective was to use the range to investigate the

scattering of metallic versus transparent canopies on the

total Radar Cross Section (RCS) of fighter aircraft.

The first task was successfully completed, as the user

-an obtain calibrated and accurate RCS measurements from his

or her seat in front of the Hewlett Packard computer and a

copy of the AFIT RCS Measurement Software (ARMS) code, which

is conveniently consolidated on one floppy disk.

Investigative measurements were then taken of canopy models

at the AFIT range and a similar, but more established

facility at the Wright Research and Deveiopment Center. The

results of the measurements simply quantify the relative

level of the scattering from the cockpit/canopy area with

respect to the total aircraft.

I owe many thanks to select people in completing this

study. I could not have even begun this endeavor without

the guidance and experience of my advisor, Capt Phil Joseph.

His patience and skill in lessening the intimidation and - -

frustration inherent in any topic dealing with

electromagnetic scattering is noteworthy. I am grateful to n

Capt Cass Hatcher and his crew at the Air Force Orientation
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Center, Defense Electronic Supply Center (DESC) for

supplying me with crucial information and material for the

low RCS test body. Thanks and much appreciation are also

due to Dave Driscoll and Jack Tiffany of the AFIT

Fabrication Shop for their design expertise and model-making

prowess demonstrated in building the various models.

Finally, I would like to recognize Butch Porter and his co-

workers at the Barn for their flexibility and willingness to

measure my targets. Most importantly, however, I thank my

;ife, Kathy, for her support, patience, and understanding

throughout our entire AFIT experience.

Scott A. Owers
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AFIT/GE/ENG/89D-33

Abstract

The purpose of this study was twofold. The first objective
was to complete the development of AFIT's Far-Field Radar

Range with a fully automated measurement process. The second

objective was to use the Facility to investigate the

scattering of metallic versus transparent aircraft canopies

relative to the scattering of the total aircraft. The

approach for the investigation ;as: first, to measure scale

Codel aircraft to determine the effect cf the RCS of the

canopy/cockpit area on the RCS of the total aircraft, ind

second, to design and measure a test body which would isolate

the canopy/cockpit area from the rest of the aircraft.

The result of the work on the first task is a software

package called AFIT RCS Measurement Software (ARMS). The

successful performance of the far-field range was validated

by very favorable comparisons with the Wright Research and

Development Center's anechoic chamber. The scale model

measurements suggest at most a 5 dB difference oetween the

scattering from the two extreme cases. The test body,

however, clearly demonstrated differences up to 20 dB at

certain frequencies.

This study documents the upper and lower bounds of the

subject measurements in an indoor measurement range. The Air

Force has expressed interest in steering the investigation

to examine materials and/or canopy construction.
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AUTOMATION OF AN RCS MEASUREMENT SYSTEM ;ND ITS

APPLICATION TO INVESTIGATE THE ELECTROMAG;ETIC

SCATTERING FROM SCALE MODEL AIRCRAFT CANOPIES

Introduction

the Radar Cross Section (RCS) of a target has received

-ucn attention in recent years, fueled in part hr the i:doent

§ -reaith technolcy. RCS is an important marer w:1cn

:scribes the amount of radar energy that a tarc-r _ ter

back to a radar receiver. Knowledge of what causes the RCS

of a target is an invaluable tool for the designer of

military vehicles. Determining the RCS of even simol-

objects however, is a complex matter. In fact, the RCS of

certain 'simple' geometries cannot be calculated by current

methods. The military significance of the RCS teamed w.ith

the limitations of theory in calculating it places a great

deal of importance on the measurement of a target's radar

cross section. A good measurement system will not only find

the total RCS of a target, but will also identify the major

contributors.

To make an RCS measurement, ideally, the taroet must he

illuminated by a plane wave. A plane wave can Le

approximated by placing the target at a larae distance from

the source, so that the spherizal wavefronts transmitted by

1



the source are approximately plana: Dy the i::)e -oyv

the I-arget. ., measurement range that approximates plane

w.,ave in this manner is known as a far-field, ar spherica

ran(e. A rule-of-thumb for determining the inimumr ran.

separation, R, from source to target in a far-fie1A rancie is

g iven by

R > 5D2

where D is the crossrange extent of the target and is the

coerating wavelength of the radar. For example, if a carret

's three meters wide and is to be measured at 10 S-1z, the

required range separation is 1.5 Km. Clearly, the

measurement of large targets at operationally useful

frequencies leads to large outdoor facilities, thus indoor

ranges are restricted to measuring smaller targets. Outdoor

facilities, however, suffer the disadvantages of external

monitoring, interference from external sources, and bad

.eather. On2 study contributed as much as a 35 percent

increase in operating hours for the indoor range due to the

weather alone (4:383). Another method of approximating a

plane wave is to use a range reflector to simulate the large

range separation, R, in a relatively short distance. By

utilizing this approacn, the compact range is capable of

increasing the size of targets to be measured in an indoor

facility. This study will deal with an indoor far-field

range.

2



Background

The radar cross section of a target is an indication of

the amount of power in the incident field that is

intercepted by the target and scattered back to the source.

it is a fictitious area which can be thought of ds the

geometrical area required to produce the tarqet's return if

the energy intercepted by this geometric area %.ere re-

radiated isotropically. The formal definition of the RCS,

c, is given by

= lir 47RR2 1 E 1 2

R-oo JE 1E

wihere

E = the electric field incident on the target
Es = the electric field scattered from the target
R = the distance between the source and target

The definition is normalized so that it is independent of

the range separation between the source and the target and

the level of the incident field (6:157).

The far-field, or plane wave requirement is accounted for

in the above definition by the limiting process as R

approaches infinity. In an actual measurement range,

tolerance standards are set for acceptable amplitude and

phase variations of the wavefront. The far-field range

relies on a large range separation to yield a plane wave

with acceptable amplitude and phase variations.

The definition of RCS also assumes the target to be in

free space, which is also an impossible condition to

3



perfectly duplicate in an actual measurement systeo. -- ada

returns from sources other than the target are unwanted

signals and represent sources of error. With the indoor

range, the unwanted returns are caused by scattering from

the walls, the target support structure, the floor, and even

coupling between the transmit and receive antennas. Add to

these all the possible multiple interactions between these

scatterers and the number of unwanted returns quickly

becomes very large.

These unwanted returns can be partially removed in an

indoor range by attenuation, vector subtraction, or hardware

(range) gating. Applying Radar Absorbing Material (RAM) to

the surfaces which are unwanted scatterers, such as the

walls of the range, attenuates the undesirable energy and

improves the approximation of free space. The other two

techniques for improving the free space condition, vector

subtraction and time gating, are indirect methods, and will

be discussed later.

AFIT Far-Field Range

The heart of AFIT's RCS measurement facility is the

Hewlett Packard Network Analyzer HP 8510B. This recently

acquired piece of equipment measures the radar return

(relative to a reference signal) and is used to control the

associated hardware necessary for the RCS measurement. The

range can accommodate measurements from 6 to 18 GHz, and is

powered by an HP 8340B Synthesized Sweeper. The chamber is

4



lined with eighteen inch pyramidal absorber, ind uses a

conical ogive target support.

The radar cross section is a complex function of many

vaLiablis, hence there are a number of ways to display it.

The AFIT far-field range will be able to analyze a target's

RCS in various ways. One of these, a common method know.n as

a "pattern cut", is to rotate the target in some plane

through 3600 at a fixed frequency. This measurement reveals

the dependence of RCS on the aspect, or -viewing arnge.

Another measurement which will be available is the

"frequency response" of the target's RCS. This is a

measurement through a range of frequencies at a fixed aspect

angle, and yields both the amplitude and phase of the RCS as

a function of frequency. The complex frequency domain data

can be transformed to the time domain via an Inverse Fourier

Transform to obtain a temporal view of the target's return.

These techniques will be explained further in Chapter III.

Problem statement

The purpose of this thesis is twofold. The first

objective is to compete thp development of the AFIT far-

field radar range; particularly to install the recently

acquired equipment and automate the measurement process with

proper calibration procedures. The chamber will then be

used to investigate the effect of a metallic versus a

transparent canopy on the total RCS of an aircraft.

5



Approach

The first task is to upgrade the instrumentation used in

the AFIT chamber. This will involve writing the soft:are

necessary to fully utilize the measurement capabilities of

the newly acquired network analyzer. These measurements

include pattern cuts and target frequency responses. The

ability to measure the amplitude and phase of the frequency

response brings about the requirement to perform a complex

calibration. The complex calibrated frequency response can

then be used to compute the band-limited impulse response of

the target (time domain view). These are all tasks <.hich

the software must accomplish. The software will also

perform a vector background subtraction and implement a

'software range gate' to minimize the undesired signals.

This first task will include the software, validation tests

of the system, and an assessment of system sensitivity, or

noise floor.

The second task of this research is to examine the

scattering from metallic versus transparent canopies.

Measurements will first be made of small-scale models of

fighters. These measurements will show the effect of

metallic versus transparent canopies on the total aircraft

RCS at a specific azimuth angle. The measured results of

the scale models must be scaled in order to relate them to

the full-size aircraft. For example, a 1/33 scale model

6



measured at 10 GHZ is equivalent to the full-size aircraft

measured at an effective operating frequency of .3 GHz.

Measurements will also be made on a test body which will

physically isolate the cockpit/canopy effect from the

aircraft. The test body, which will be discussed further in

Chapter V, is intended to have a very low RCS so that the

object of interest, in this case the cockpit/canopy, will be

the only scatterer. In addition, the test body measurements

will result in a higher effective operating frequency, since

the cockpit/canopy can be as large as the entire scale model

mentioned in the above example.

As mentioned earlier, in an ideal RCS measurement, a

target would be in free space and would be illuminated by a

perfect plane wave. One objective of the next chapter is to

quantify how well the AFIT measurement range approximates

these ideal conditions.

7



The AFIT Anechoic Chamber

This chapter describes the hardware and physical layout

of the AFIT far-field RCS measurement range. Also discussed

are the approximations of the conditions assumed in the

definition of RCS. These conditions are that of an incident

plane wave and of a target in free space. These conditions

will be quantified to some extent.

Physical Layout

The RCS measurement range is part of AFIT's Advanced

Technology Laboratories located in Area B at Wright-

Patterson AFB. The range was built in the confines of

Building 168, which presented the primary restrictions on

the dimensions of the anechoic chamber. A sketch of the

measurement range, shown in Figure 2-1, reveals the main

features of the measurement chamber.

The most outstanding feature of the anechoic chamber is

its tapered design. The chamber was constructed several

years ago when such a taper was thought to suppress specular

wall reflections. Measurements from Swarner (8: ) and

calculations from Joseph (3: ), however, have shown that

the pyramidal absorber material used to line the walls is

not a specular scatterer. The question of optimum chamber

design is outside the scope of this study.

The length of the room is 45 feet, while the crossrange

distance varies from 16 feet at the front to 24 feet at the

8
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Figure 2-1

rear of the chamber. The ceiling is canted upward from a

height of 14 feet at the front to 26 feet at the back. The

two entrances into the chamber are located on the right and

left sides towards the front of the chamber. A cross-

section of the measurement chamber is shown in Figure 2-2.

The center of the target mount, or pedestal, is 26.5 feet

from the front wall and centered in the cross-range

dimension. The pedestal is a conical ogive column made of

metal and stands 7.5 feet high. Its shape and orientation

with respect to the incident wave are designed to have a

very low RCS while maintaining the ability to support and

rotate a target.

The microwave energy is transmitted into the chamber by a

pyramidal horn antenna, and the return signal is collected

by an identical receiving antenna. The antennas are mounted

9
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Cross-section of chamber showing target pedestal
and antennas
Figure 2-2

adjacent to one another and separated by two inches in a

circular cavity on the front wall of the chamber. The

antennas are centered in the cross-range dimension and are

at a height of eight feet above the floor. The antennas are

mounted such that the faces of the antennas extend two

inches beyond the front wall of the chamber.

The walls, ceiling, and floor of the chamber (with the

exception of the walk-way to the target pedestal) are lined

with 18 inch pyramidal Radar Absorbing Material (RAM). A

block of pyramidal absorber is shown in Figure 2-3.

This RAM is a carbon impregnated urethane foam. The 4'x

4' blocks are glued to the conducting ceiling and walls of

the chamber, and placed on the tile floor of the chamber.

10



The RAM acts as a geometric transition from non-conducting

free space to the conducting walls and ceiling. RAM is also

placed to hide the base of the target support pedestal.

Pyramidal Radar Absorbing Material (RAM)
Figure 2-3 (6:252)

Hardware

The next task is to describc the instrumentation used to

perffom RCS measurements in the AFIT range. A schematic of

the hardware set-up is provided in Figure 2-4.

Source/Amplifier. The transmitted signal for the RCS

measurement is a continuous wave (CW) microwave radio

frequency signal generated by the HP 8340B Synthesized

Sweeper. The sweeper output is fixed at 0.0 dBm. The

accuracy of the source at this output level is ±1.5 dB. The

signal is passed through a directional coupler, and then

sent to the HP 8349B Microwave Amplifier where the level is

boosted to 24 dBm for all measurements. At this relatively

11



low power output level, the stability of the amplifier is

rated at ±1.25 dB (2:Sec 1-il).

Antennas. The purpose of the antennas is to transmit the

illuminating energy and receive the scattered energy.

Because the source is producing a continuous signal (as

opposed to a pulsed-CW system), separate transmit and

receive antennas are required. The antennas used in this

study cover the frequency range of 6 GHz to 18 GHz. The

main lobe of the radiation pattern provides nearly uniform

illumination of the target.

Frequency Converter. The role of the HP 8511A Frequency

Converter is to convert the RF test and reference signals to

IF while preserving the relative amplitude and phase of the

two sianals. This function is not performed perfectly;

however, any frequency-dependent distortion introduced will

later be eliminated in the calibration process. The

frequency conversion of the RF signal is to an IF of 20 MHz

which is then passed to the network analyzer for

measurement.

Network Analyzer. The heart of the measurement system is

the HP 8510B Network Analyzer (NWA). The HP 8510 is

actually composed of two instruments which operate on the

incoming data from the frequency converter. In the first

step, the HP 85102 IF/Detector converts the 20 MHz signal to

150 KHz where the synchronous detectors determine the real

and imaginary parts of the test signal relative to the

12
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reference signal. The relative amplitude and phase data is

then sent to the HP 85101 Display/Processor for data

processing and conversion to one of the display formats.

The entire system can be controlled from the front panel

of the network analyzer. The source, frequency converter,

pedestal controller, and peripherals such as plotters can be

linked to the NWA via the HP 8510 System Bus. In the

13



configuration used at the AFIT range, however, The

measurement process is automated by a computer.

System Controller. The measurement procedure is directod

by the HP 9000 Series 236 Computer. The computer controls

the entire system either directly through the HP-IB or

indirectly through the HP 8510 System Bus via the network

analyzer. The computer and NWA share the processing and

calibration functions as prescribed by the software. These

tasks and the soft;are will be discussed in Chapter TII.

Pedestal Controller. The servo-mechanism which rotates

the target pedestal is controlled by the Newport Ccrporation

855C Controller. This controller is directed by the HP

computer.

Peripherals. There are several options for obtaining

hardcopies of the RCS data. A printer is hardwired to the

HP computer for obtaining program listings or screen dumps.

A plotter is also hardwired to the HP computer to get

formatted RCS plots. Another plotter is dedicated to the

NWA to obtain a copy of whatever data is on the NWA screen.

Finally, a personal computer is connected to the HP computer

via an RS232 link so that data files can be sent to this

second computer for off-line processing.

The final objective of this chapter is to evaluate how

well the AFIT RCS range duplicates the conditions assumed in

the definition of RCS of an incident plane wave and a target

isolated in free space. While the software which directs

14



the measurement procedure is very much a part of AFIT's

anechoic chamber, its impact on the final result will be

addressed in Chapter III.

Taraet Zone

The definition for the RCS, a, assumes that the distance

between the target and the source approaches infinity to

enforce plane wave illumination. (The target is assumed to

be a small scatterer in the far zone of the source.) One

auestion to be answered, then, is how close is the incident

field in the measurement chamber to a plane wave. The other

assumption in the definition that the target is in free

space prompts another question of how well the measurement

simulates a target in free space. Both of these questions

are addressed next.

Incident Plane Wave. In comparing our incident field to

an ideal plane wave, three parameters are considered:

crossrange amplitude variation, crossrange phase variation,

and downrange amplitude variation. Ideally, all three are

zero. In general, the allowable variation in these

parameters depends on the type of target being measured, the

required accuracy of the RCS data, and the type of

processing to be performed on the RCS data. For this thesis

effort (and commonly used in similar measurements), a 1 dB

downrange and crossrange amplitude variation, and a 7/16

radian crossrange phase variation will be chosen as allowed

limits. These limits define a region in space called a

15



target zone, in which t'.e incident wave is acceptably

similar to a plane wave. The following paragraphs will use

these tlree parameters to determine the target zone, or

maximum size of the target.

First, consider the downrange amplitude variation. Let R

be the distance from the amplitude and phase centers of the

antennas to the target zonre, and assume R is large enough so

that the amplitude of the incident field varies as 1/R in

the target zone (a very good assumpticn). This leads to the

relationship

D=R/8.2 2-1

where D is the downrange extent of the target zone.

The next parameter to be considered is tne crossrange

phase variation. Assume that the source is a point source

as shown in Figure 2-5. (A more rigorous analysis would

consider the actual antenna used, but would yield virtually

identical results.) Assume that E i(L/2)/Ei(O)=Ae ]  , so that

A and p are the crossrange amplitude and phase variation,

respectively. By simply accounting for the different phase

paths from sourca to target zone center and from source to

target zone edge, one can show that cp=r/16 rad'ans leads to,

L: (AR) 1/2  2-2

where L is the crossrange extent of the target zone and A is

the operating wavelength. By the same argument, the

16
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vertical extent of the target zone is also given by equation

2-2, hence the target zone can be visualized as a cylinder

of diameter L and length D centered on the target mount.

Finally, when considering the crossrange amplitude

variation, the point source model is inadequate. Its

application would result in L z R. A more rigouous analysis

where some antenna is chosen must be carried out. This

would result in a limit on L which is less restrictive than

that set by the allowed crossrange phase variation. The

dimensions of the target zone, therefore, are determined

from equations 2-1 and 2-2. More information on this

subject can be found in (5:920-928).

Recalling the fixed range separation in AFIT's chamber of

26.5 feet, equation 2-1 yields a value of 3.2 feet for the

downrange extent of the target zone. Figure 2-6 displays L

versus frequency for a range of 26.5 feet.

17
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Figure 2-6

The maximum crossrange extent of the target zone is

clearly limited by the highest operating frequency.

Currently, the maximum frequency of operation in AFIT's

range is 12.4 GHz, which restricts the crossrange extent of

the target zone to 0.725 feet, or 8.7 inches. The

crossrange extent of the target zone is 0.6 feet, or 7.2

inches if the upper frequency is 18 GHz. Now that the

target zone is fully specified, the front and side views of

the target pedestal and the cylindrically-shaped target zone

are shown in Figure 2-7.

Tarcqet in Free Space. To accurately produce the RCS of a

target, the range must be able to measure the return from

the target as if it were in free space. Any returns from

other than the target will in'-orrectly affect the result.
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Figure 2-7

The goal of the AFIT far field range, then, is to minimize

these erroneous returns. A parameter used to evaluate how

well a chamber reduces the unwanted returns is called the

noise floor.

The noise floor is the noise level remaining after range

gating and vector subtraction have been performed. It

determines how accurately, if at all, low RCS targets can be

measured. In a well designed measurement system, receiver

noise is below the "noise floor", so that recPiver noise is

not the overriding source of noise in the measurement

system. The measured noise floor of the AFIT range is at

least -60 dBsm between 8 GHz and 12.4 GHz. The accuracy of

the amplitude of a measurement, however, is directly related

to the Signal to Noise Ratio (SNR). This means, for
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example, if a measurement accuracy of ± 0.5 dB is desired,

the target should have a minimum RCS at least 10 dB higher

than the measured noise floor, or -50 dBsm.

In summary, the target zone of the chamber was identified

as a 3.3 foot cylinder with a diameter of 0.72 feet. i he

noise floor of the chamber was measured at -60 dBsm between

8 GHz and 12.4 GHz. The next chapter discusses the software

which automates the measurement process. In addition t3

describing the structure of the program anz the options it

offers the user, Chapter III will explain how the

measurements are taken and show that these are valid RCS

measurements.
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AFIT RCS Measurement Software

An integral component of the AFIT far-field measurement

range is a software package called AFIT RCS Measurement

Software (ARMS). The code was written in HP BASIC to run

the HP Q)36 com-'iter whih serves as the controller for the

measurement range. Although the most obvious purpose of

ARMS is to automate the range instrumentation, the software

also directs the measurement procedures and, more

significantly, calibrates the raw data and performs vector

background subtraction. There is also a post-processing

option via the network analyzer. The purpose of this

chapter is to explain these capabilities and provide a brief

description of ARMS.

ARMS Structure

The ARMS program is a compilation of three major

subroutines. The first two perform pattern cuts and

frequency responses, respectively, while the third

subroutine handles processing and plotting of previously

measured data. A significant portion of the

processing/plotting subroutine is composed of existing code

written recently by AFIT faculty and staff members. More

detailed information regarding the architecture and

operation of the software may be obtained from the flow

charts provided for each subroutine (listed in Appendix A),
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or from the code itself (listed in Appendix B). The flow

charts provided in this chapter are extremely simplified in

order to aid in the discussion of the measurement procedure.

The overall organization of ARMS is shown in Figure 3-1.

The motivation behind this structure is to separate the

measurement activity from the plotting and processing

activity. This organization was selected in part because of

the ability and preference to transfer the calibrated data

files from the HP computer to a Zenith computer, whose

plotting and processing options are not nearly as limited.

This approach will also save time since it frees the range

for further measurements.

Calibration

This section will explain the formula used in ARMS to

produce the calibrated RCS of a target for a pattern cut or

frequency response. A discussion of the limitations of the

formula and how it applies to the two measurements will

follow.

In order to determine the RCS, the formula must produce

the quantity r(Es/Ei), where Es is the scattered field of the

target, E' is the incident field at the target, and r is the

range separation from antennas to target. This quantity,

which is the basis of the definition of RCS (reference

equation 1-1), assumes a plane incident wave and, for now,

neglects the 4v constant.
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ARMS organization
Figure 3-1

Consider the exact solution of the scattering from a

sphere, EsSE. The solution can be written in terms of the

incident field and the range separation as shown below

=S E if

SE r

where F is some known complex scattering function. Note

that two of the elements in the definition of RCS, r and Ei,

are present in the exact solution of the sphere, but are

inverse to the same elements in the desired quantity.

Solving for F corrects the inverse problem, and since it is

known exactly, F will be used to calibrate the desired
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result. Finally, multiplying F by the quantity ES/E sm

results in a very good approximation to the desired quantity

in the definition of RCS. As will be shown later in this

chapter, since the measured sphere return, EsM, is close

enough to the exact solution of the sphere, ESSE, the two

quantities will cancel to result in the expression shown in

equation 3-1.

Es Es  = Es

I - -sE ) x ( - ) r - 3-1
E i  ES SME i

SM

where Es= the measured scattered field from the target
(with the background subtracted)

ES s= the measured scattered field from the sphere
(with the background subtracted)

The formula, then, used in ARMS to calculate the

calibrated RCS in the frequency domain is given by

Es 2

= 47r IFE 3-2

which, ideally is equivalent to

21E
S  2

ar = 47rr2 Ell

The quality of the measured sphere and target returns

dictates the accuracy of the measurement. The software

performs complex vector background subtraction on these

returns in an attempt to duplicate the free space condition

inherent in the definition of RCS. (Recall that the far-

field condition has already been assumed, and is
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approximated by imposing limitations on the permitted phase

and amplitude variations of the incident field.) The

subtraction, however, cannot include the interactions

between the target and the target mount, or between the

sphere and the sphere mount, and so on, because these

interactions are not present in the background measurement.

Note that the formula for the calibrated RCS given in

equation 3-2 can be used for a single frequency, as in a

pattern cut, or used repeatedly through a range of

frequencies, as in a frequency response.

The next task is to describe the procedure for performing

the two measurement options available to the user: the

pattern cut and the frequency response. A pattern cut is a

representation of the RCS of a target as a function of

aspect angle. The data is taken at a single frequency while

the target is rotated through 360 degrees. A frequency

response shows the RCS of a target as a function of

frequency at a fixed azimuth angle. This allows for the

calculation of a bandlimited impulse response, which is a

time domain view of the target scattering. For both

options, there are four measurements required to compute the

RCS. They are the reference sphere background, the

reference sphere, the target background, and the target.

Also, an appropriate amount of averaging is used for each

type of measurement, and the user can select the width of a

pre-measurement gate which defines the range gate for which
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data is collected. The pattern cut is the first measurement

option to be discussed.

Pattern Cut Procedure

For the pattern cut, ARMS directs the network analyzer

to record the magnitude (in dBsm) of the complex return for

all measurements. For this discussion, refer to the flow

chart of the measurement procedure for the pattern cut which

is shown in Figure 3-2.

First, the user is prompted to input information needed

for the pattern cut, such as the operating frequency, gate

width, and polarization. The user then measures the return

of the reference sphere background. This background is

composed of the room and the mount which supports the

sphere. The network analyzer places this return in the

network analyzer memory. The next measurement needed is the

return from the reference sphere. After this measurement is

made, the network analyzer subtracts the sphere background

return from the sphere measurement to come up with the free-

space measurement of the reference sphere. As explained

earlier, the background subtraction is performed to comply

with the free space condition in the definition of RCS.

Note that the sphere and sphere background measurements are

taken at one position only.

The third measurement is of the target background. If

the target background is identical to the reference sphere

background, the measurement can be skipped, as ARMS will
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Measurement procedure for a pattern cut
Figure 3-2

substitute the sphere background return for the target

background return upon subtraction. If the target

background is different, care should be taken that the

target background, or mount, is symmetrical in the azimuthal

plane since the mount will be rotated in a pattern cut. As

before, the target background return is placed in the

network analyzer memory where it will be subtracted from the

target return.
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When the target background option is resolved, the 1.st

measurement is of the return from the target. At each

degree, the target return is measured and sent to memory

where the target background is subtracted. The free-space

target return is then stored in the first row of a 1 x 360

dimensioned array. The positioner then rotates the target

mount to the next position and the process is repeated until

the array is filled. This sequence of measurements is

intended to minimize the possibility of moving something in

the chamber once it has been measured, hence introducing

error in the measurement procedure.

The final step in producing a pattern cut is to calculate

the RCS for each of the 360 data points. The formula which

calculates RCS for a pattern cut uses an a-nroximation which

makes it slightly different from the formula given in

equation 3-2. The high frequency approximation for the

2return of a sphere, ra , (a is the radius of the sphere), is

used instead of the exact solution for the scattering from a

sphere. The effect of this simplification on the pattern

cut, however, is simply a uniform shift in the magnitude of

the data. The formula used by the HP computer to calculate

the magnitude of the return in decibels, is shown in

equation 3-3.

Cpttern cut = 101og(7ra 2) + [Target-Targetbackground]

- [Sphere - Sphere-background] (dBsm) 3-3
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After the pattern cut is complete, the result is

displayed on the HP 9236 computer, with a menu .which offers

several options. The user can align or shift the pattern

cut to a desired angle, save the result, perform another

pattern cut, or return to the main menu. An example plot of

a pattern cut is shown in Figure 3-3. The target is a

trihedral corner reflector oriented so the maximum open face

10 r i rr-r r-rTrTrj r-Tmrr i r t ri -i T~ r1 I rl-YT-r yr rn ~ rT- rT mi T-n rT T T1r T- T
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-60--

0 4 go9 i35 190 225 270 315 360

ASPECT ANGLE (DEGREES)

FtIs Mam Freylwmcy Polaization Soft gJte Oat

COEO )O H VERTICAL 7 3 OCT 89

Example plot of a pattern cut
Figure 3-3

occurs at 180o. The RCS is given in dBsm, and the angular

resolution of the data is one degree. The header

information provided at the bottom of the plot includes the
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width of the software gate selected at the beginning of te

measurement.

Frequency Response Procedure

A frequency response measurement displays the RCS of a

target as a function cf frequency at a fixed azimuth angle.

For each of the four required measurements, the network

analyzer samples the bandwidth of the sweep at 801 equal

intervals, and records the real and imaginary components of

the return in a 801 x 2 dimensioned array. ARMS implements

trace averaging, where the displayed trace is a weighted

average of previous traces, instead of the single frequency

point averaging technique used in the pattern cut, to obtain

consistent data. Figure 3-4 provides a flow chart of the

measurement procedure for a frequency response.

As with the pattern cut, the first step taken by ARYIS is

to obtain the necessary input from the user. For a

frequency response, the required information is the start

and stop frequency, antenna polarization, range gate width,

averaging factor, and the sweep mode of the source generator

(ramp or step). The first two measurements are of the

returns from the reference sphere and the reference sphere

bacKground. The network analyzer writes the complex data to

arrays called Reference, and Ref background, respectively.

Next, the user is prompted to measure the target background.

As with the pattern cut, if the backgrounds are the same,

ARMS provides the user an option to substitute the reference
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sphere background return stored in the array Refbackground,

for the measured target background return to be stored in an

array called Targetbackground. Finally, the target is

measured and the data stored in the array named Target.

For the frequency response, ARMS performs complex vector

background subtraction for the sphere and target

measurements. The calibration is performed using the exact

solution of the reference sphere, as indicated in equation

3-2.
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A sample of a frequency response plot is shown in Figure

3-5. Note that a software gate can be applied to the

c-librated frequency response data, in addition to the pre-

measurement range gate, labeled 'soft gate' on the plot.

The plot designates the center of the sortware gate, labeled

'gate center', and the width of the gate, labeled 'gate

width', which is symmetric about the center. ARMS utilizes

the processing capability resident in the network analyzer

to set the location and width of the secondary gate.

-20
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Example plot of a frequency response
Figure 3-5

The target in the example frequency response in Figure

3-5 is a five inch sphere. The dominant contributor to the
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RCS of a sphere is the specular return, which is shown in

the plot to be approximately -19 dBsm. The variation of the

RCS about this level indicates the presence of the creeping

wave which adds in and out of phase with the specular

return.

Time Domain

As mentioned earlier, the network analyzer has a feature

which produces a temporal view of the RCS by transforming

the frequency response data to the time domain via an

inverse Fourier Transform. This view of RCS gives an

indication of the downrange position of the scatterers

on the target. Figure 3-6 is an example plot of the time

domain view of RCS. The target is the same sphere whose

frequency response is shown in Figure 3-5, but the specular

and creeping wave are now isolated in time. Notice the same

header information is provided for the frequency response

plot and time domain view of RCS. The alias free range,

impulse width, and range resolution are useful parameters

which describe the time domain view and quantify the

limitations due to the band-limited processing and the

sampling technique used to obtain the RCS versus time data.

Alias Free Ranae. The alias free range, or measurement

range, is the downrange distance in which a measurement can

be made without encountering aliasing, which is a repetition

of the response. Aliasing is a consequence of the manner in

which the frequency domain data is collected. An
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Figure 3-6

illustration of aliasing is provided in Figure 3-7.

The network analyzer effectively converts continuous

frequency spectrum data into a discrete set of data due to

the sampling process at the uniform frequency points. The

effect of this sampling process is that the time domain

response becomes a periodic function with a period, T, of

1/Af seconds, where Af is the frequency spacing between

samples. The frequency spacing is determined from the

bandwidth of the frequency response and the number of

samples taken. The alias free range, Ratias free, is found by

multiplying the period of the repeating time domain
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Illustration of aliasing
Figure 3-7 (l:Sec 3.5-11)

response, T, by the velocity of the wave in the medium, c,

which is taken here as the speed of light in free space.

Because an RCS measurement is a reflection measurement, the

actual downrange distance of the target cannot exceed half

of the alias free range.

1
Ratias free(meters) Af (Hz) x c(m/sec)

At the AFIT measurement facility, the downrange distance

before aliasing is encountered is 89.5 feet for a frequency

range of 8 to 12.4 GHz and 801 sampling points.

Range Resolution. This parameter defines the minimum

distance required to separate two responses of equal
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magnitude which are close together in time. Sometimes

called response resolution, the range resolution is directly

related to the impulse width. The impulse width depends on

the frequency range and the window selected, and is defined

as the width between the half power points. For reflection

measurements such as for RCS, the relationship for the

impulse width is

Impulse Width = 0.96/frange(Hz)

where frange is the bandwidth of the frequency response, and

the constant 0.96 is associated with a 'normal' window as

defined in the network analyzer (l:Sec 3.5-16). (Note the

difference between this definition and the approximation of

the impulse width for a typical radar, which is 1/(2B),

where B is the bandwidth of the pulse.) For a frequency

response from 8 to 12.4 GHz, the impulse width is 0.22 nsec.

This width will be wider for responses of different

magnitudes.

The range resolution is found by multiplying the impulse

width by the velocity of the wave, taken again as c, the

speed of light. For the frequency response example given

above, the range resolution is 2.6 inches. For a frequency

response from 6 to 18 GHz, the range resolution improves to

slightly less than one inch.

Display Resolution. The display resolution determines

the ability to determine the location of a response in the
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time domain. This parameter depends on the time span on the

display and the number of data points as shown below,

Display Resolution =tspa/(no. of points-l)

where tspa is the time span on the display. For

measurements made at the AFIT range, the bandwidth for a

frequency response will always be sampled 801 times, and the

time domain display will go from -5 to 5 nsec, so a time

domain response can be located with a resolution of 12.5

picoseconds on the display. Obviously, the time domain

display resolution can be improved by simply narrowing the

time span on the display.

Software Gate

A time gate can be applied to the time domain data of a

frequency response measurement. This is accomplished from

the Plotting and Processing branch of ARMS. The gate acts

like a time bandpass filter which mathematically eliminates

responses outside the gate. ARMS allows the user to select

the position of the center of the gate ana a symmetric gate

width. After the gate is activated in the time domain, the

network analyzer performs a Fourier Transform of the gated

time domain data to obtain the new frequency response data.

It is noted here that the automated processing available via

ARMS represents a fraction of the processing options that

exist in the network analyzer. (For more information, see

reference (l:Sec 3.6).)
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Performance Validation

The purpose of this chapter is to validate the

performance of the AFIT far-field measurement range, and

demonstrate the analytical procedure and type of information

obtainable using the ARMS software. The first step is to

evaluate the measurement procedure and the performance of

equation 3-2, which ARMS uses to determine the RCS of a

target. This could be accomplished by comparing

measurements of simple objects, such as flat plates or a

cylinder, with the theoretical RCS of the target.

Obviously, the inherent limitations of a measurement made in

an indoor measurement range (due to the imperfection of the

far field and free space approximations) are not considered

in the theoretical predictions. However, with proper

attention to measurement and processing details, one can

achieve agreement (to within graphical accuracy) between

measured and predicted RCS. Another way to assess the

performance of the AFIT far-field range is through

comparison with measurements and processing from an

established indoor RCS measurement facility. To verify the

proper operation of the AFIT facility, measurements were

repeated at the Wright Research and Development Center's

(WRDC) anechoic chamber. This measurement facility will be

briefly described later in this chapter. The presence of

signals from other than the target in a measurement is a
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source of error, and prompts questions regarding the effect

of the noise floor.

Noise Floor

The noise floor of a measurement range is defined here as

the maximum level of all unwanted signals in the measurement

procedure after processing. In addition to the noise

introduced by the hardware, the chamber is a significant

source of noise in the form of undesirable scatterers.

Ideally, the return from the empty chamber (no target

present) is zero, as stated in the free-space condition. In

the real world, however, the empty chamber, even when

carefully lined with RAM, scatters the incident field. The

dominant scatterers in the AFIT chamber can be seen by

viewing the scattering of the chamber in the time domain as

shown in Figure 4-1.

The most dominant return seen in Figure 4-1 is actually

not a scatterer, as alluded to in this discussion, but

represents cross-coupling energy between the transmit and

receive antennas. The next significant return may be caused

by two smoke detectors whose mount and location,

unfortunately, were driven by safety, as opposed to

scattering considerations. Located near the center of the

figure and the chamber, the target pedestal structure and

associated RAM are the cause for the second largest return.

Also, the interactive scattering between the target

pedestal, ceiling, and walls is a source of noise. Finally,
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direct scattering from the rear wall is seen to be a

significant scatterer.

The unwanted signals can be partially removed by

attenuation, vector subtraction, and hardware/software range

gating. The chamber is lined with RAM which attenuates the

energy as discussed in Chapter II. ARMS also utilizes

vector subtraction and software range gating to reduce all

unwanted signals. The scattering from stationary objects is

very repeatable, hence vector subtraction does a good job of

negating their impact on the measurement. A further means

of reducing the unwanted signals is to apply a filter in the

II log MAD
REF -40.0 dB

10.0 dB/

START
-55.0 ns

A k
Al.L

START -55.0 no
S C 35.0 no

Time domain view of chamber scatterers
Figure 4-1
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time domain which passes only the energy corresponding to

the downrange position of the desired target. Note that

this technique, called time (or range) gating, also passes

energy scattering from the target support structure. The

effectiveness of these techniques can be determined by

measuring the noise floor.

The noise floor, shown in Figure 4-2, is measured by

performing a frequency response where the target measurement

is actually a measurement of the empty chamber. The target

background, of course, is also the same empty chamber. The
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Figure 4-2
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figure shows the RCS of the empty chamber between 3 to 12.-;

GHz,. and represents the minimum level of a target return

which can be discerned from the returns of :he noise sources

in the measurement procedure.

Some measurements in this thesis were taken between 6 to

18 GHz, as opposed to 8 to 12.4 GHz, because antennas with a

greater bandwidth became available late in the research

phase of this study. Preliminary measurements indicate that

the new antennas concentrate more energy on the target and

thus yield an improved noise floor. Regardlez of the

antennas used to make the measurements, to obtain results

accurate to within - 0.5 dB, the return from the target

should be 10 dB higher than the noise floor. Figure 4-3

shows the noise floor measured using the new, broadband

antennas. The noise floor at the WRDC Anechoic Chamber is

claimed to be -70 dBsm (7). A brief description of this

facility follows.

WRDC Anechoic Chamber ("The Barn")

There are many physical differences between the AFIT

chamber and the Barn (a local name for the facility). The

primary consideration is how these differences affect the

plane wave and free space conditions. The Barn's

measurement range -s housed in a very large building (shaped

like a barn) whichi allows for a large chamber; approximately

twice the size ot AIFIT's chamber. The measurement facility

is a compact ran-:- , meaning a parabolic reflector is used to
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Figure 4-3

simulate a plane wave. One benefit of the large room and

parabolic reflector is a target zone of nearly 10 feet in

downrange length. The large room also causes greater

spatial attenuation of various error signals, thus improving

the free space approximation. The hardware configurations

which drive the compact ranges are also different.

The Barn's range is built around a Lintek system instead

of the Hewlett Packard Network Analyzer used at AFIT's

range. The sources used in each chamber are identical,

however the Barn has the capability to simulate a pulsed
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system by utilizing hardware gates. This is a key factcr

regarding the free space condition, because only the

scattering from objects in the desired downrange location

are passed and detected. In addition, only one antenna is

required at the Barn which eliminates the cross-coupling

energy between antennas which occurs at the AFIT facility.

Another difference is the bandwidth of Lhe antennas. The

Barn can collect data between 2 to 18 GHz, as opposed to 6

to 18 GHz at AFIT. Some other general comments are the

relative easy access to the target pedestal, and the data

processing which is independent of the measurement

procedure. The above is a fundamental description at best.

Questions regarding the capability of the Barn's measurement

ranges should be directed to WRDC/SN.

The last notable difference between the two measurement

ranges is in the presentation of the product. The scale of

the bandlimited impulse response (time domain) is presented

in a linear, dimensionless scale as opposed to the dBsm

scale used in the AFIT system.

Validation Measurements

The first validation measurement is a frequency response

with a vertically polarized incident field on a cylinder of

length 12.25 inches and radius 1.5 inches. The cylinder's

orientation is shown in Figure 4-4; note that it is

broadside to the incident field.
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side view

Orientation of cylinder for validation measurements
Figure 4-4

The high frequency approximation for the RCS of a

cylinder at brcadside is given as,

12a

A

where a = radius of the cylinder
1 length of the cylinder
A= wavelength

and predicts a value of approximately -2 dBsm at 8.5 GHz.

The frequency responses taken at the AFIT and WRDC

measurement ranges are shown in Figure 4-5a and Figure

4-5b, respectively. Both measurements show a slightly lower

RCS than the predicted value. The AFIT measurement is

slightly lower than the Barn measurement due to a difference

in the azimuthal orientation rather than a flaw in the

measurement procedure, while the general pattern of the

frequency response is very similar for both measurements. In

the time domain, the plots are harder to compare because the
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vertical scales are different. The scattering phenomena are

plain Lo see in the AFIT plot (shown in Figure 4-6a), while

more difficult to see in the Barn plot (shown in Figure

4-6h). The scattering consists of a reflection and a

creeping wave. The longer path length of the creeping wave,

referenced to the specular path length, corresponds to a

0.65 nsec roundtrip delay, which is evident in the AFIT

plot. The AFIT plot also shows the return due to the double

diffraction mechanism which includes the opposite edges.

This scattering mechanism has a roundtrip path length

corresponding to 1 nsec. In the time domain plot of the

Barn's measurement, one is interested in the envlope of the

trace (due to their processing). The reflection is evident

in Figure 4-6b, while the other mechanisms are not; this is

due to the linear scale.

Analysis Technique

The purpose of the next validation measurement is to

demonstrate the analytical procedure used in the time domain

to isolate seperate scatterers. The target for this

measurement is a pair of circular flat plates which are

different sizes and separated in the crossrange and

downrange directions. The configuration of the plates is

shown in Figure 4-7, and the incident field is vertically

polarized.
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Orientation of circular flat plates for
validation measurements

Figure 4-7

The frequency response provided in Figure 4-8 shows an

interference pattern caused by the constructive and

destructive phase relationship as the frequency changes.

While this information is useful, it is often beneficial to

know the frequency response of a single scatterer, or in

this example, the frequency response of just one plate.

This is accomplished by applying a bandpass filter in the

time domain centered over the sc4eterer of interest. The

time domain view of the RCS of the two plates is shown in

Figure 4-9. Note that the scattering from each plate is

shown by the two peaks, located at -0.71 nsec and 1.34 nsec,

and that the temporal separation is the roundtrip time. The

temporal path length between these peaks is 2.05 nsec, and

indicates the plates are separated by 30.75 cm. Also, the
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amplitudes of the returns confirm that the 4 inch plate was

in front of the larger 6 inch plate.

A bandpass gate (from -1.36 nsec to -0.06 nsec) is

applied around the return from the first plate; the

resultin; gated time domain is shown in Figure 4-10a. This

is then transformed to the frequency domain via a Fast

Fourier Transform (FFT). The frequency response of the

first plate alone is shown in Figure 4-10b.

The RCS of a flat plate is dependent on the angle of

incidence and wavelength of the incident wave. According to

the high frequency prediction formula, a=4rA2/A, where A is

the area of the plate and A is the wavelength, the RCS of a
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circular flat plate at normal incidence varies from -2.3

dBsm to 1.5 dBsm as the frequency increases from 8 GHz to

12.4 GHz.

As can be seen from Figure 4-10b, the effects of the

processing are evident at the edges of the bandwidth, near 8

GHz and 12.4 GHz. When these effects are excluded, the

frequency response exhibits the proper trend regarding the

frequency dependence, namely, the RCS of a flat plate

increases as the frequency is increased at normal incidence.
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Measurement Results

The improvements and new capabilities of the AFIT far-

field measurement range have been fully described and

verified. The next phase of the research is to use the

facility to investigate the effect of a metallic versus a

transparent canopy on the total RCS of an aircraft. The

approach for the investigation is based upon measurements of

scale model aircraft and measurements of a test body

specifically designed to isolate the cockpit/canopy area.

The organization of this chapter mirrors the major

chronological events of the research. The foundation of the

measurement process was a sufficiently bounded measurement

test matrix which would ensure appropriate data to

accomplish the identified objective of the research. The

next task was the judicious selection of a scale model

aircraft which would maximize the benefits for the intended

research, but not violate the physical limits of the

chamber. Measurements of the scale models were then taken

in three configurations (specified later in this chapter) to

determine the relative magnitude of the scattering of the

canopy and cockpit with respect to the scattering from the

entire aircraft. The measurement results for the scale

model aircraft were then analyzed and the conclusions

documented. The next logical step to investigate the

scattering from the subject area was to isolate the

cockpit/canopy from the aircraft. To achieve this, a test
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body was designed, again, with the chamber limitations in

mind. After the measurement of the test body, the final

task was to analyze the data and draw conclusions frtm the

results.

Measurement Matrix

The objective of the measurements is to investigate the

scattering from the cockpit/canopy area relative to the

scattering from the entire aircraft. The following

paragraphs discuss the measurement conditions which were

either required by the ARMS measurement procedure and/or

appropriate for the research.

A thorough investigation of the angular dependence of the

scattering is outside the scope of the study, therefore all

frequency response measurements were nose-on and at a zero

degree elevation angle. All measurements were taken with

both a vertically and horizontally polarized incident field.

The frequency dependence of the scattering was within the

scope of this study, however, the availability of the

transmit and receive antennas determined the frequency range

with which the targets could be measured. Frequency

responses of the scale model aircraft performed at the AFIT

range were only measured between 8 and 12.4 GHz, while

similar measurements taken at the Barn of any target could

be in any bandwidth between 2 and 18 GHz. Frequency

responses of the test body were taken from 6 to 18 GHz at

both facilities, because wider bandwidth antenas became
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available for use at the AFIT chamber for these

measurements. The illuminating frequencies for pattern cuts

were 8 GHz and 10 GHz.

Two target configurations were used to simulate a

perfectly metallic and a perfectly transparent canopy. The

metallic canopy was modeled by painting the canopy with the

same metallic paint used to cover the target such that the

cockpit of the target was completely shadowed from the

incident field. The transparent canopy was modeled by

simply removing the canopy from the target. In this

configuration, the cockpit was totally illuminated. The

measurement conditions are summarized in the test matrix

shown in Figure 5-1.

Scale Model Selection

The first step in selecting a scale model aircraft was to

define the requirements which would fully describe the

perfect target to be measured. The next step was to conduct

a tradeoff between the perfect target and the practical

considerations of readily available but less-than-perfect

targets.

The two main criteria in selecting the scale model

aircraft were the size and type. The type of aircraft was

selected from modern fighters, because their requirement for

situational awareness is typically satisfied via an exposed,

bubble-shaped canopy. The F-16A and F-15E fighters were

then chosen. The size of the fighter model is clearly
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limited by the dimensions of the target zone of the chamber.

The target zone was defined in chapter II as the area in the

measurement chamber in which the incident wave approximated

a plane wave within designated phase and amplitude variation

standards. The target zone of the AFIT range is centered on

the target pedestal, and is cylindrically shaped with a

length of 3.2 feet and a diameter of eight inches. In the

case of the fighters, the wing span was the limiting factor.

The largest scale model which could properly occupy the

target zone was calculated to be approximately 1/46 of the

full size of the target. The 1/46 scale model was deemed
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insufficient to achieve the desired objective because of the

following reasons: the length of the cockpit/canopy on this

size was only 2.75 inches, a model of this particular scale

was not commonly available, and the range resolution for a

frequency response between 8 to 12.4 GHz was 2.6 inches.

Based on the above reasons, it was decided to measure a 1/32

scale model of the F-16A and F-15E fighter aircraft.

The scaled targets were built from plastic model kits,

and assembled in an airborne configuration without any

external stores or weapons. The cockpit of the aircraft

contained a removable seat and the normal features found in

a plastic model kit, including the Heads-Up Display (HUD).

If necessary, the kit was modified so the canopy/fuselage

interface was smooth, and the canopy was easily removable

from the fuselage. Finally, all surfaces of each fighter,

including the cockpit, were painted with metallic copper

paint so that the targets were highly conductive. The test

for conductivity was a resistance of less than 3 ohms

between any two points on the target.

Before showing the measurement results of the scale model

fighters, the following paragraphs briefly describe the

measurement procedure and decode the abbreviated titles of

the plots. Although the conditions of each measurement are

documented in the writing, the explanation is intended to

aid the reader in examining the data.
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The ARMS code requires one array to be filled for each of

the following: reference target, reference target

background, target, and target background. (Recall the

option to skip the target background measurement if the

target background is identical to the reference target

background.) For the scale model measurements, the

reference target background and the target background was a

six inch styrophoam column, so the above-mentioned option

was used. The option was very important because it allowed

the target configuration to be changed without moving the

entire aircraft. For e:ample, a measurement run is the

consecutive measurement of the three target configurations

(without re-measuring the target background) by altering,

but not moving, the model in the following manner. First,

the model was measured with the canopy, then the canopy

carefully removed (yielding the cockpit with a seat), and

finally, the seat removed. All measurements were taken with

a RAM cap over the target pedestal.

Due to the limited space available for labeling the

plots, the filename is encoded. The first two letters

designate the target; the third letter designates the

polarization of the incident field; the fourth, fifth, and

sixth letters represent the target configuration; and the

seventh ind eighth letters designate the measurement set

number. The targets are coded as follows: TA (1/32 scale

model F-16), TB (1/32 scale model F-15), and TC (test body).
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The target configuration codes are: CAN (aircraft with

canopy on), SET (canopy off; cockpit with seat), and COC

(cockpit without seat). For example, the filename TAVCAN2B

is a measurement of target TA (the 1/32 scale model F-16)

with a Vertically polarized incident field and the CANopy

on.

Measurement Results

Although the performance and accuracy of the AFIT range

was demonstrated with validation measurements, some

questions were raised concerning the performance of the

system when the target was a complex, low level scatterer,

such as a small model aircraft. In particular, a

significant concern was the consistency of the results, and

the repeatability of the measurement procedure.

An extensive number of frequency response measurement

runs were performed to resolve this concern, and all target

configurations produced the same conclusions. Figure 5-2

shows the RCS for two independent measurements of the F-16

without the canopy or seat in the time domain and frequency

domain. The incident field is horizontally polarized. The

frequency domain plot shows the general patterns are very

similar, as the RCS is within 2.5 dB except where the nulls

are slightly shifted at 11.3 GHz. This amount is

representative of the error associated with the placement

and mounting of the target.
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The data in the time domain also shows the repeatability

of the measurement procedure. As can be seen from Figure

5-2a, however, the traces begin to diverge as the number and

complexity of the scatterers which compose the return

increases. For example, the traces are almost identical up

to 0 nsec, which corresponds to approximately 65 percent of

the length of the model. Towards the rear of the target,

the number of scatterers increases which results in minor

deviations between the traces. The canopy/cockpit area,

incidentally, is well within the forward half of the model

F-16. The dominant scatterers on the target are always in

close alignment, even beyond 0 nsec, as can be seen at 0.5

nsec on Figure 5-2a. Target alignment is chiefly

responsible for the minor differences in the time domain

traces.

The next logical step is to identify the scatterers which

are evident in the time domain plot of the RCS. To aid in

the analysis, a template of the target is overlayed on the

time domain plot of the target's RCS. The template is, of

course, scaled and positioned to correspond to the target's

actual downrange position in the chamber. A time gate from

-2.0 to 1.0 nanoseconds is applied to the F-16 data to

eliminate the returns not caused by the target. The

template, shown in Figure 5-3, indicates the scattering from

the nose of the F-16 occurs at -1.85 nsec with respect to

the center of the reference target, and similarly,
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scattering from the tail of the F-16 corresponds to 1.05

nsec from the center of the reference target.

F-16, 8 to 12.4 GHz, horizontal polarization, AFIT. The

first target to be analyzed is the 1/32 scale F-16 (TA) with

a horizontally polarized incident field. The next three

figures (Figures 5-4 through 5-6) show the RCS for each of

the three target configurations in the time domain and

frequency domain. The following paragraphs refer to the

time domaiin plots for each target configuration.

The first scatterer in all three measurements is

unmistakenly due to the nose of the target. The -55 dBsm

level of the return is comparable to the RCS of a similarly
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dimensioned cone, and the time of the return, -1.75 nsec,

closely corresponds to the downrange location of the nose.

The next resolvable return for each configuration is

close in temporal location but different in magnitude. The

return does not occur at the calculated location of the

front of the canopy, -1.3 nsec, as one might expect.

Instead, the return, occuring at -1.0 nsec for the CAN

configuration, -0.97 nanoseconds for the COC configuration,

and -0.9 nsec for the SET configuration, is most likely due

to the engine inlet which is ].ocated directly beneath the

center of the canopy. Because the range resolution for a

frequency response from 8 GHZ to 12.4 GHz is only 2.6 inches

(see page 36), the t6-poral differences in the target

configurations cannot be resolved from the dominant

scattering of the engine inlet. The result is that the

subject return for each configuration is slightly skewed

about the temporal location of the scattering from the

engine inlet. The magnitude of the returns are the only

distinguishing feature of the three target configurations.

The configuration which caused the highest return, not

surprisingly, was SET (the cockpit with the seat), because

the seat wa- directly illuminated by the incident field. A

notable observation, however, is that the canopy caused a

larger return than the empty cockpit. The RCS at roughly

the center of the canopy for the SET, CAN, and COC
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configurations are -35 dBsm, -37 dBsm, and -39 dBsm,

respectively. The trend of the magnitude of the returns for

the three configurations was not discernible from the

frequency response plots.

The final return of interest occurs at -0.45 nanosec with

a magnitude of -32.5 dBsm. This return is independent of

the target configuration and is believe to be a result of

the scattering from the end of the engine inlet cavity.

In summary, for a horizontally polarized incident field,

little information regarding the scattering from the

canopy/cockpit area of the F-16 model was gained. This is

primarily because the electric field was aligned with and

scattered from the horizontally oriented and oblong-shaped

engine inlet, thus obscuring the electromagnetic view of the

subject area. Also, the range resolution of the AFIT chamber

was inadequate to separate the scatterers in the different

target configurations. It was confirmed, however, that the

cockpit with the seat is a dominant scatterer, while it was

learned that the canopy scatcered more (2 dB) than the empty

cockpit. Although little was learned about the scattering

from the canopy/cockpit, the conclusion is useful

information in the context of the entire model aircraft.

The next task was to perform an identical set of

measurement runs at the AFIT far-field measurement range to

investigate the scattering from the subject area with a

vertically polarized incident field. In the same format as

67



with the preceding horizontally polarized measurements, the

data is provided in a series of six plots (Figure 5-7

through 5-9). As before, the nose of the aircraft is the

first resolvable scatterer based on the temporal location

and magnitude of the response. The level is almost 4 dB

lower than the same measurement with a horizontally

polarized field. The difference is caused by the asymmetry

in the nose of the aircraft.

An interesting observation is that the discontinuity

caused by the intersection of the fuselage and the front of

the canopy is now apparent. The peaks which occur at

approximately -1.3 nanoseconds in all three configurations

correspond to this point. As in the previous case, the seat

configuration is the dominant scatter, but the empty cockpit

now scatters more than the canopy by at least 6 dB, as one

might expect. Figure 5-10 shows the time domain returns for

the three target configurations on one plot.

Another unexpected result occurs at -0.7 nsec which

corresponds to the discontinuity caused by the intersection

between the back of the canopy and the fuselage.

Significant scattering occurs with the canopy, possibly via

a traveling wave propagating from the front of the canopy to

the back. Also, the scattering from the end of the engine

inlet cavity, which was so dominant with the horizontally

polarized field, is not present.
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The effect of the polarization of the incident field is

significant and beneficial to the objective of this thesis.

The benefit is two-fold. Nct only is the scattering from

the canopy/cockpit area more apparent, but the undesirable

scatterers on the model, such as the engine inlet and

cavity, appear to scatter less. The measurement runs of the

other targets in this effort are only analyzed for the case

of a vertically polarized incident field based on the merits

of thi. conclusiqn.

One solution to the problems associated with measuring

the relatively small scale model aircraft at the AFIT range

was to measure an aircraft with a larger canopy/cockpit,
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such as the F-15E. The results and conclusions, however,

-.ere very similar to those for the F-16, with one exception.

The difference in the magnitude of the scattering between

either cockpit configuration and the scattering from the

canopy configuration at the temporal locaticn of the seat

was significantly higher than the same location on the

F-16. Nearly a 20 dB difference is very clear in the time

domain plot shown in Figure 5-11.
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Time domain view of RCS of 1/32 scale F-15, three
target configurations, vertical polarization

Figure 5-11

To further investigate the scattering of the

canopy/cockpit area, the 1/32 scale F-16 and F-15 models

were measured at the Barn, which is capable of a broader
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frequency coverage and better time domain resolution. Given

the information obtained thus far, the scpnario measured at

the Barn was selected to produce the best opportunity to

observe scattering from the subject area. Based on the

lessons learned from the scale model measurements taken at

the AFIT chamber, it was decided to concentrate on

measurements of the F-15 from 2 GHz to 18 GHz with a

vertically polarized incident field. (Measurements were

also takeii from 8 GHz to 12.4 GHz for validation purposes;

these yielded the same results obtained at AFIT).

F-15, 2 to 18 GHz, vertical polarization, the Barn. As

before, the three target configurations were measured, and

the time domain and frequency response plots for each

configuration are provided in Figure 5-12 through Figure

5-14. A template of the model is overlayed on selected

plots to aid in viewing the data.

The general conclusions are the same as those drawn from

the AFIT measurements; the SET configuration yields the

strongest scattering, followed by the COC and CAN

configurations, respectively, The difference, however, is

that the range resolution of the Barn facility provides more

detailed information on which to base and defend the

conclusions. Recall that the AFIT time domain measurement

of the F-15 (Figure 5-11) yielded only one peak which

distinguished the three target configurations. As can be

seen from the time domain plots, there are many scatterers
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which contribute to the overall return and can be isolated

for further analysis.

The first task is to identify the causes of the major

peaks which occur in the region of interest. The front and

back of the cockpit define this region, which extends from

-1.8 nsec to -0.9 nsec, respectively. By observing the

effect that changing the target configuration has on the

amplitude of a peak, and knowing the temporal location which

corresponds to the physical position of suspect scatterers,

the significant contributors can be identified. For a

complex target such as an aircraft, care must be exercised.

A radar return could be the result of multiple reflections,

resulting in a time domain peak that does not correspond to

the downrange position of a specific scatterer.

There are five scatterers which produce significant

returns in the region of interest. The first scatterer is

the discontinuity formed by the front of the canopy. The

return from this scatterer is identical for the SET and COC

configurations, but is significantly reduced in the CAN

configuration. The next two scatterers share the same

downrange distance which corresponds to -1.6 nanoseconds.

The first of these occurs in the CAN configuration and is

due to the discontinuity caused by the junction between the
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two pieces which compose the canopy. The other scatterer at

-1.6 nsec occurs in either cockpit configuration and is the

most dominant scatterer on the model. In bcth

configurations, the Head Up Display (HUD), is illuminated.

The peak from the HUD is very clear in Figures 5-13 and

5-14 at -1.6 nsec. The next contributor is the seat.

Clearly, the negative and positive peaks at approximately

-1.3 nsec of Figure 5-13 and 5-14 are directly influenced by

the presence (or absence) of the seat. Finally, the back of

the cockpit scatters in much the same way as the front of

the cockpit. (Note that the amplitude of the impulse

response is dimensionless. This is a result of the

processing.)

The frequency response plots of complex targets are much

more difficult to analyze and identify meaningful trends

because the RCS of a complex target is a complicated

function of frequency. For example, by comparing the

frequency responses for the SET and COC configurations, it

is almost impossible to determine which configuration

scatters the most. The correct answer for this complex

target, which is demonstrated in the data, is that either

can be the stronger scdttering configuration depending upon

the frequency. One conclusion which could be determined

from the frequency response data is that the SET

configuration scatters more than the CAN configuration, as

the SET magnitude is always greater or equal to the
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magnitude from the CAN configuration. The difference in

magnitude and the amount contributed by a specific

contributor, however, cannot be precisely determined from

the total aircraft's frequency response.

To summarize the measurements of the 1/32 scale models,

the F-16 and F-15 were measured as described in the test

matrix shown in Figure 5-1. The models were first measured

at the AFIT range from 8 GHz to 12.4 GHz, where it was

discovered that a vertically polarized incident field

scattered from the canopy/cockpit area more than a

horizontally polarized incident field. The limited success

at the AFIT facility was due to the limited bandwidth and

small target size. Based on that experience, and to

increase the probability of obtaining better data, it was

decided to emphasize measurements of the larger model

(F-15) with the widest possible bandwidth (2 GHz to 18 GHz)

and a vertically polarized incident field.

Test Body Approach

This phase of the study examines the scattering from the

canopy/cockpit area by physically isolating the subject area

via a test body. There were two reasons and benefits for

doing this. First, the size of the canopy/cockpit would be

larger than that of the scale model because only the

canopy/cockpit needed to fit in the target zone. This

reduces the limitations imposed by the range resolution.

Another benefit of increasing the size of the test area is

8o



an increased effective illuminating frequency. The

effective illuminating frequency is the frequency which

would illuminate a full scale target in the 'real world' if

the ratio between the length of the test wavelength and test

target is maintained. The second reason is that the purpose

of the test body is to physically isolate the

canopy/cockpit, thus eliminating other scattering mechanisms

which are not of interest.

The three major design criteria for the test body were

that it: 1. have a very low monostatic RCS (forward

direction only), 2. accurately model the canopy and

canopy/fuselage interface of the F-16 or F-15 aircraft, and

3. allow the test area (canopy/cockpit area) to fit within

the confines of the quiet zone of the AFIT chamber. The

canopy had to be removable so a cockpit could be measured.

The following paragraphs address the design criteria in

further detail.

In anticipation of the acquisition and installment of the

broadband antennas (6 GHz to 18 GHz), the test area had to

fit in the quiet zone for a frequency of 18 GHz. (The

highest frequency dictates the target zone.) The target

zone was defined in Chapter II for this frequency as a

cylinder of length 3.2 feet and diameter 7.22 inches

centered on the target pedestal. Since the cross-range

extent of the target zone was obviously the dimension which

would limit the size of the test area, the maximum width of
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the canopy was also restricted by this dimension. The

actual dimensions of an F-16 canopy were obtained and it was

determined that a 1/5 scale canopy would just fit. A canopy

of this scale was not readily available; however, a spare

canopy from a 1/10 scale model F-16 was obtained from the

Air Force Orientation Group (AFOG) at the Defense Electronic

Supply Center (DESC) in Kettering OH. Regarding the third

design criteria, the task was reduced to simply building a

test body which would allow the canopy/cockpit area to fit

in the target zone. Since the target zone and canopy are

oblong shapes, it was natural to shape the test body in a

similar fashion. In fact, the shape of the test body was

designed from the actual dimensions of the fuselage of an

F-16. (This is explained further in the discussion of the

second design criteria.) The baseline test body was then

modified to meet the low RCS design ctiteria.

The first design criteria was that the test body have a

very low frontal RCS. This meant that edges, rough

surfaces, discontinuities, changes in the radii of

curvature, and other sources of scattering had to be kept to

a minimum, especially near the canopy. The front of the

cylindrically-shaped test body was smoothed to a pointed

cone, and the back of the test body was rounded to a

hemisphere. The radius ot the test body was designed as

small as possible without forcing a drastic change in the

curvature of the surface at some other point on the test
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body. The surface of the test body immediately surrounding

the canopy was kept as smooth and consistent as possible.

Only at a distance of several wavelengths from the front and

back of the canopy did the shape begin to change to the

cone, and hemisphere, respectively. The entire test body

was painted with conductive silver paint which was acquired

from Spray Lat Corporation in Mount Vernon, NY. An ohmmeter

was used to make sure the surface was uniform and never

above two or three ohms between any two points on the test

body.

The second criteria was that the shape of the canony and

the canopy/fuselage interface be as accurate as possible.

As previously mentioned, the canopy for the test body was an

actual canopy from a 1/10 scale model (very accurate), and

the test body was designed from the fuselage dimensions of

an F-16, and then altered. The accuracy of the shape of the

canopy/fuselage interface was maintained within a perimeter

surrounding the canopy for as long a distance as the test

body would permit. The top and side views of the test body

are shown in Figure 5-15.

The dashed line indicates the perimeter in which the

shape of the F-16 fuselage was maintained. Beyond the

perimeter, the shape was altered to meet the other design

criteria of the test body. Ideally, at the lowest

frequency, the shape of the F-16 fuselage should be accurate

for at least several wavelengths all around the
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canopy/fuselage interface. This distance was achieved at

the front d back -f the canopy,. -wever, the narrow width

of the target zone did not permit the same distance for the

perimeter - the sides of the canopy. At the sides, the

perimeter extends one inch beyond the canopy/fuselage

interface, which, at 6 GHz, is approximately half of a

wavelength. The discontinuity caused by the removable

canopy was minimized.
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On the other nand, no attempt was made to duplicate the

cockpit of the F-16, and the SET configuration was not

required to be measured. The cockpit was a simple cavity

with the same gross dimensions as the actual cockpit.

There were also considerations driven by measurements

which affected the design. The test body was to be mounted

with a sting mount, which supports the target from the rear

and projects the test body in front of the target pedestal.

The benefit of this mounting scheme is that a time gate can

be used which passes the return from the target while

omitting the scattering from the target pedestal. Because

the target was in front of the target pedestal, the test

body had to be under ten pounds.

Measurement Results

For the test body measurements, there are two target

configurations. These simulate the extreme cases of a

metallic and transparent canopy. The SET configuration is

not considered. All measurements presented in this section

use a vertically polarized incident field (for thp same

reasons cited for the scale models), although the test body

was measured with a horizontally polarized incident field at

both facilities. The frequency range was 6 GHz to 18 GHz.

The test body measurements taken at the Ba-n of the CAN

and COC configurations are shown in Figure 5-16 and Figure

5-17, respectively. The benefits alluded to earlier of

measuring the test body are now apparent. The relatively
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sparse returns attest to the success of isolating the

canopy/cockpit. The spikes in Figure 5-16a correspond to

the discontinuities shown by the template. The peak at

-4 0 nsec, however, is not associated with any

discontinuity. It is due possibly to a flaw, or non-

uniformity in the paint job. Another benefit of the test

body is the larger magnitude of the returns. It is apparent

by viewing the frequency response data that the COC

configuration is approximately 5 dB to 10 dB higher than the

CAN configuration. Of course, these frequency response

plots contain many undesired signals. A time gate can

easily be applied to isolate the desired canopy/cockpit

scattering from the undesired signals. (This isolation was

not possible in the measurements of the F-16 and F-15

models.) A time gate from -6.0 nsec to -2.0 nsec is applied

to the data, and the resulting time domain and frequency

response data is provided in Figure 5-18 and Figure 5-19 for

the CAN and COC configurations, respectively.

At the lower frequencies, the COC configuration is

scattering up to 20 dB more than the CAN configuration. The

disparity lessens as the frequency is increased, but is at

least 10 dB until about 14 GHz, or approximately two thirds

of the plot.

To investigate this further, the CAN configuration was

measured from 2 GHz to 18 GHz. The time domain and
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frequency response of this measurement are shown in Figure

5-20. Notice the significant amount of energy between 2 GHz

and 6.5 GHz. The cause of the low frequency energy appears

to be the large spike which occurs at approximately 0.25

nsec in the time domain plot. (In comparing the same

measurement from 6 to 18 GHz (Figure 5-16a), the scattering

at 0.25 nsec is present, but not nearly as strong.) This

scatterer occurs well beyond the temporal location of the

test body, and is therefore not caused by any direct

scattering from the test body. The next concern is to

identify the reason for this scattering. Based on the

temporal location, the scattering may be a direct return

from the sting mount, or could be related to energy creeping

around the rear of the test body. This energy could proceed

directly back to the observer, or intercept the target

pedestal which would cause additional scattering. Whatever

the cause of the return, it is of absolutely no interest to

this study.

The measurements of the test body were also taken at the

AFIT chamber, with both polarizations and a frequency range

of 6 GHz to 18 GHz. Despite the relative complexity of the

target and the data processing, the results are amazingly

similar, as seen in Figure 5-21. This figure shows the

frequency responses taken at each facility of the test body

without a canopy. (Figure 5-21a is a repeat of Figure

5-19b.) The patterns and levels are virtually identical.
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The only difference between the measurements is the depth of

the nulls, which is greater at the Barn because nf the

greater sensitivity. Target alignment, however, is always a

possibile source of error.

The 1/10 scale factor of the test body can be used to

approximate the level of scattering from a full scale

canopy/cockpit. The level of scattering from a full-scale

target is roughly -20*log(scale factor) dB higher than the

scaled target. Thus, for a scale factor of 1/10, the full

scale vehicle would scatter 20 dB higher than the 1/!0 scale

model. For example, Figure 5-16b indicates the magnitude of

the return for the 1/10 scale canopy at slightly past 12 GHz

is -35 dBsm. The magnitude of the return from a full scale

canopy, then, would be -15 dBsm. As previously mentioned,

the COC configuration is scattering 10 to 20 dB higher than

the CAN configuration. Obviously, the difference in

scattering between the same configurations on a full scale

aircraft would still be 10 to 20 dB. Of course, the full

scale vehicle is a much more complicated geometry than the

relatively simple geometry of the test body.
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Conclusion

The problem statement for this thesis was twofold;

consequently, observations and recommendations for each task

are given separately.

AFIT Chamber Upgrade

As stated earlier, the first task was to complete the

automation of the AFIT RCS measurement range. New software

was needed to control recently acquired microwave hardware.

The new hardware had certain new capabilities which the

controlling software exploited. A software package, called

ARMS (AFIT Radar Cross Section Measurement Software) was

generated which not only achieved the objectives defined at

the onset of the thesis, but was flexible enough to allow

tor continual change and improvement. The measurement

procedure produces excellent results, as evidenced by the

SL . pariso1 ith mz-:rr/ments from tne WRDC anpchoic

chamber. As with any project involving software, however,

the number of possible improvements is seemingly endless.

Most of the recommenaatiuns for itp2vin9 th PMvS (-.nde

involve features; that is, the ability to process and

display the data. For a pattern cut, a relatively easy

improvement would be to let the user select the start and

stop angles, and the resolution of the data. A convenient

(and legitimate) improvement would be to permanently store
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the background measurement in a I ile which cauoo i .

at any time. Another improvement would be to i ,

to set the start and stop times of the gate, an opso.-1 t

selecting a gate center and gate span.

Canopy/Cockpit Measurements

The second task was the investigation of the effect c!

metallic versus a transparent canopy on the total RCK oi K:

aircraft. The scattering from these extreme cancpieon :

investigated by measuring a scaled version of a yealinti:

canopy which was removable from the target.

The scale model measurements revealed a small but

measurable difference in the RrS of the two configur~ty:;,.

The metallic canopy scattered less than a transparent

canopy, which was simulated by an exposed cockpit. In rh .<

context of the entire aircraft, the frequency responses ol

the aircraft models were close, as each may be higher or

lower depending on the frequency.

The secondary objective was to investigate the scattering

from just the canopy/cockpit, without the complications of

the scattering from the rest of the aircraft. As expectoi,

the difference in the R~C betwccn thn two cnnfiqurations ,:

demonstrated more clearly. There was a 10 to 20 dB chc'j<,

between the CAN and COC configuration. Obvioulsy, the

difference in RCS of these two configurations on a ful l-

scale version of this test canopy would still be 10 to M9

dB.
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'here is interest and value ln iearninq :-ore bccut :his

subiect. while the results or the measurement ,orticn of

h nesis effort may cr may not be surprisin-, thev Ao

define the upper and lower bounds on the scattering, and

present the limitations and benefits of the various

approaches. Further work should investigate materials and

emphasize different leveis of conductivity of the canopy, as

cpposed to the two extreme cases studied here. Other

cossibilities include determining the effect of different

canopy constructions on the RCS of the canopy.
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ARMS
MAIN PROGRAM

START
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Sub Start

END
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Present
Main Menu

Fre uenev Res-3onse. select Exit:rsr

L ---------- j Pattern Cut Procegs Stored File
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Set Na lnStwnr State 2

FInstrument State 881 Points

User Data

send databandu idtb

Nwa weep miode

~ceD4- Sub Measure

( Sphere Background)
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Sub Mfeasure '

I'L

turn onf
Averaging

wai
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Sub Fr-me-u)

View Othef Or io'.n

Save Data New -arve-

Dispiay~S ub t Fr

Time om 4-Do102



INPUT Name$

Open EDAT file

Data(185)-4 NAME

close file

Open BDAT file[name$
Date -4 name

Pregate-- name

F close file

SBEND
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S~t N~a frequenc4

gate span

Sub
Eackgrcund -neas

Sub -hea
Ref -neas agt ':d

I
Sub Show- crt

104



Sub

Backgcu:Lmiaeas

Assign Nwa

Eturn on

Averaging

Wait

trace subtraction~

Averaging
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Assiun N~wa

turn on
Averaging J

wait

)Spiiasp= Ref-Sphhkgiid Span
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velocitqj
Set Contrler step iflcremieai

I________for 1:1 to 360

Pattern Cut iooP[ trace va lie-+ Pdata(j

~. rotate positiloer

CSUBENB

back to

Sub Pc-
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CSub Show_ or;

Present

Shlift Data ______________r-

Subff StreataEI PRINER Is
t or eft -M Dta lew Ptter

CIA pintr'I

Uieu(3 108q i Hn



1Sub Str e

INPUT Namne$

Open EDAT file

NAM4

IData( 382)J-+ NAM

elo.e file

Open EDAT file

Date -+ name
Pregate-- name

close file

SIIBEND
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Choose data type

Input data rile from di.k Input data file from disk

Present data on 8S18 Present data an CRT

upti~n : pt iv s :

change domain shift data

specify gate dump to printer

r plot plot rectangular

new lata plot polar

exit -- new data

- exit

f7 P l~ r.

choose line type

draw grid

draw data

exit

S Plot )
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Appendix B: ARMS Code

'0 -C. 5 AVE ThE MAIN F GRA'
!o 2

"-:N 3&SE

o0 -nS RAGE : :w ENSL-..

o0 :;L earc7-
so 2;L Zaribatei
90 ORIN T 

-ci are now zacw In BASK.'

'-"IS F wtROU7KNE :: --E MAIN MENU K'? MR T0CS

no ~ ~ Zatw~ ei)

0 Z -1
.70 :%OUT er ttcay s vaze. .atei
390 Start:DOP CA5(129)
190 :4L Carcr
200 QTPNT

220 :TIT - recuency response*

240 RNT <2 -atr Cut'
250 TN'
260 :-- IN T K4 "rocess/Plot stored files'
270 TPIN7
480 DRTNT K'7 - !act to BASIC"

29l0 DRTNT

o7 :N <FY 0 -ABEL -7rea. %esponse- 907 C~j
:20 GN KEY 1 ABEL.- lattern Out -* 700u Dc

230 N KEv -' MEL> - 3t / Proc 73TO C 3,

240 5N VP -LBEu Mant to BASIC - 170 C exit
50 AKYIGuTO !i
360 N KEY 3 GOTO cme
370 TN KEY 5 GOTO Loje
280 CN KEY E GOTO Ic>

400 7N KE' 9 nrTO :c~e

M ke OK? -'ease nit zne auoropriate sort key.'

-430 0-7 X E
'aao !L rDateS)

J5-0 *73 Star

.ic :art

Zu -- ME0UT24E :1 7S MAINF W~U FOR THE t EJUESCY 0EOSE.

B0 . orfDatei)

Su -.31" 'Nuan ata TO V'tFORMAT ur-
BAS-



32 Os - -e 2eqz.a 7ta /cur _ ':'W cyrl n-

30 ZTN7 31.9 ...... d0 -0 ;,1,,c'A ~ >re~J'
00 z 4 :: A -:

A : T: ae ~ny:ya

Q0 :7
30 % S-1I]TL
26 0 -

390 POcs, ) e NO qe3TE 1 -

?2 :SU -- ,e SP Oar.se sweep. Dr 4 -;or :an 5u e r amp.

o lu'e>.err;-N S7 2
040 :FSea s" "7E

960 %1u-;

220 u7eae ,-
190 PUT -net 2 gate a seec wat -sl or :anc s 7ec - ewe

!VC 0egae <>L7 m10teec(;)0Dec< E 1
320 :0Ozng- -4E Sujep' -E ep IP
760 7v rag-2-t 7

-vet

ca vo - a~ .:cz :
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!] 10 Star-, requency i- -in.- -,,z.
200 :1h too t rouencv, i ax.
210 N T iarizat~on i2:)15.
220 P o', e T~: -a7n n .2.eeo,. -oce.

'220" N-)e Cate iiiv '!s I "Sec.
'250 :'C)7 - "A er - *

* 70 COR ZT- , R RE,- -TENNAS :' STALLED-
'280 A s 1
290 7 ' "UIT C' yc ant conala~e anytn.,nc' (Enter Y. Lr Detau, NO

i310 ;

2330
340zC

5 20 -- :z A <ES OT"
1560 ]bTPU7 -ZNa: STR": ,i n 'Gzc r nax'G
3270 :UTPIJ T Nwa G TESPN Tiete::S
380 72 SueeDS-RMP- '-EN
390 -UTPUT ;Nwa:-2AMP;,

1 400 -_;Z
.40_UTPUT ;Nwa;'TE

420 ZE 2 :
30TIJ ZNwa EN TO;
WA0 gIT 5

1450
460 I HE FO-LLOWING LDJES CALL THE HEADER AND MEASUREMENT S-'BROUTINES. THE

DATA C0! FS 71I1 801 REAL/IMAGINARY DATA PAIRS.
1470
!480 'Measureent$S"fr"
1490 C L R e n c r ( 2 o IS.Me asu.r e me n t
i500 CiALL Ileasure(Reference(-).Aver,uweepi)

'520 ._ L :e bKqn _dr(PoiS.:easurement5s

3540 6
1550 P _T
560 Same: E"cKS--
5170 clPNT " o You want to measure a seperate target taCKqgrounc?
'S80 >2U I r 'Dr N: .eaj I' no
!530 ~

Zi AL' -rdr
.,,2 _.e 8kgct-).F.,er.Sweepi)

0-20

.iGLZiE3 SUPTRACT 7-' IN'NC TARGET :6CiKGROUNDS FROm

-ease wa.: L :n i astern i s nu~moe: r,.kncnnI'9.
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178G '.:points-801
17?0 R~ T- !TO0
1800 ;73R J-1 TO Nopoints

1810 Target(Jl.D Tarqet(J.2-: gt(
1820 Referenc1(j. )-Reierence'.!.D-2gar(J.D)
330 ' EXT
1840 NEXT7
' 350
1860 HEFOLLOWING L:'NES CALCULATE (Target-2kgn)/(Reference-2kro..

1980 FO3R L- -0 Nopoints
1890 Den-Reierencl '(L.lV2+R--' -cl(LZ)'2

'90al _tot(L.j)*(Tarqet-. erencl(L.!)-Tar'iet(L.-)-Referencl(L.2>)/De,'
910 di t~(L.)=(argt(L~'eerec1(.i)-Target(L.1)-Reierencl(L.2))/Den

i920 NEXT L
1930

1340 KHE FOLLOWING L7SES READ IN THE EXACT SOLUTION FOR THE 5 :NCH SPHERE.

'960 1E-data(1)<> THEN 2070
'970 ASSIGN @Dt TO OF'S
'980 ENTER iDt:Ecata-
1990 ASSIGN @Dt TO -
2000 F-IR i-I TO Nopoints
2010 Ex spnere(I1)-E caa(I)
2020 ExSphere(I,2)-E-dataUINopoints)
2030 NEXT I
2040 !
2050 17' HE NEXT LINES CALCULATE (exact-sprhere-su-f i e Ids)~
2060 !
2070 FOR K-1 TO Nopaints
2080 C-al _tgt2(K.1)-Cal _tgt(K. flEx_ pnere(K.1)-CaI tgt(K.')-Ex _spnere(I<.2)
2090 C-al tgt2(K.2=)Cal _tgt(K.1)Ex _spnere(K.2)+Cai-tgt(K.2)-Ex-snere(K.1)
2 100 NEXT K
2110
2120 "CEND ANSWER TOTH P 51. (Target-2k~zdt)/(Reference- kacr)

2140 OUTPUT ijNwa:"'ORM3:.OUTPnA--A-
2150 ENTER CoNiaa-ata:Preaoe. ;ze.Bkctr(-)
2160 OUTPUT iNwa:"AVER0FF:GATE0FF-
2,70 ~
280 jU T P UT ;Nwa "HOLD:

2190 OUTPLUT w:Nwa -F0RM'3:INPURAW'-
'00 J]UTPUT ..Nwa _.ata PieaIoie.Sie.Cal-tgt2(-)

o L -.- -e'n (Fm in.-iax . Cal t g t2()Date$. PreauS.Rti 1)f
-7 U -g t $ . e r~-. . . . . .

;:e ur-r 1 C I 1 : - r

320 -,470, ":tEROU7-E 20:R BTH THE FREQUENCY RESPONSE AND PATTERN
CETAGE EC~vRDUJND MEASUREMENTS.

7 L a -r

U :-e# onere m'easurement is comoiete.'
71 r.ao:, !o measure tne somere ackcrouflc.
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2380 PRINT Put out the sphere Dacxgrouna."
2390 ORIN,
2400 PRINT " re t7e antennas aiignea or ',? i$,' :oiarizatlon"
2410 PRIN .
2420 PRINT ....
L430 1: TF
2440 PPINT -it C7',TiNUE unen you are reaoy."
2450 PAUSE
2460 CALL :ear cr:
2470 PRINT ....
2480 PRINT
2490 PQINT :CHR$(R3O);"heasuring ;.,RS(123):' te sphere ca
cxgoronc,
2500 SUBEND
2510 !
2520 i4IS SUSROUT74E PEFORMS ALL THE FREOUENCY RESPONSE iASUREMENTS. -_,

SET-UP OF THE CHAMBER IS PASSED VIA THE ARRAY CALLED 'Data(-)
2530
2540 SUB Measure(Data(*).Aver.SweepS)
2550 OPTION BASE 1
2560 INTEGER PreaMDie.Size
2570 ASSIGN @Nwa TO 716
2580 ASSIGN ,4Nwa-data TO 716:FORMAT OFF
2590 OUTPUT !Nwa:-AVERON:".Aver
2600 IF Sweep$-"RAMP" THEN OUTPUT 4Nwa:"NUMG:" Aver+1
2610 OUTPUT @Nwa:"FORM3:OUTPDATA"
2620 ENTER Nwadata:Preamoie.SLze.Data(-)
2630 OUTPUT @Nwa-:AVEROFF;"
2640 CALL Clear crt
2650 SUBEND
2660 !
2670 ! THIS SUBROUTINE IS A HEADER FOR THE FREQUENCY RESPONSE TARGET

MEASUREMENT.
2680
2690 SLE Target-har(Pcks)
2700 C.-ILL C ear crt
2710 IF 3ckS "N" CR BckS-" -HEN GOTO 2740
2720 PRINT The target background measurement is compiete."
2730 PRINT
2740 PRINT 'et reaoy to measure the target.
2750 P;,NT Press CONTINUE wnen reaCy."
2760 PAUSE
2770 CALL Cear-cr:
2780 PRTIT ....
2790 P t .

2.00 ........:(HR1S30);"Measurinq :'HRS(123):"

.1330 - ,ROUT:.E - A E-4r[EP rR FCTH THE FREQUENCY RESPONSE i,.jD PATTER:;

2340
2350 -: _
60 ...- ., Jen t-,e targe7 :acigrouno is set.

2370 -. -

£30 : - ..

,.0uRSO:heasuring :CHRS(128):-the tar=-
o acjc- -

2920
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2930 ' :s SUBR OUT:E E :S R MENU PRESENTED AFTER THE FREQUENCY RESPONSE :SCOMPL£TE.

2940
2950 -UB Fr enu(Fnin.rmax.%1l.Ca_tgt2(o).Date3.Pregate5,Return
2960 2PTION BASE "
2970 PSOTGN ,, a T] 7'C
2980 PSSIGN mNwaaata TC 716:CRMAT C7
2990 DIM S _ata(1605)
3000 CALL C:ear_cr:
3010 Dm-1
3020 4enu: ' TNT * Oease select an option from tne menu.-
3030 PRTNT ....
2040 RINT ....
3050 PRTNT
2060 -RTNT " 0 - L.ew tne otner comain."
3070 PR NT
3080 DQtNT <2 - Store tne frequency response aata."
3090 0:ONT
3100 PQ NT < - Continue Trequency response with a new target."
j110 PCINT ....
3120 PP!NT KG -Compietely new frequency response."
3130 P RINT
3140 PRINT < - Back to the main menu."
3150 P 7N T ....
3160 PRINT
3170 ON KEY 0 LABEL "Toggle Domain" GOTO C-td
3180 ON KEY 2 LABEL "Store Data" GOTO C store
3190 ON KEY 4 LABEL "New Target -GOTO C same
3200 ON KEY 6 LABEL "New Frea Resp" GOTO C new
3210 ON KEY 9 LABEL "'ain Menu'" GOTO Cstrt
3220 ON KEY 1 GOTO Again
3230 ON KEY 2 GOTO Again
3240 014 KEY S GOTO Again
3250 -1 KEY 7 GOTO Again
3260 014 KEY 9 GOTO Again
3270 Acain:DiSP "Please nit tne appropriate soft key."
3280 GSTO Roamn
3290 C :o: OFF KEY
3300 Dr,-
2310 -r T*EN OUTPUT iNwa:"FREQ:"
3320 - um--l THEN OUTPUT -Nwa..TTM:LOGM:"
3330 -ALL ¢.ear_cr:
3340 GCTO Menu
3350 C same: ]FF k, Y3350 =pur-
o270 C LL '-ear-c7'
;330 .=__ -.,e , , -,,:

240

7390 " ]-% Y' "E'J GOT3 C _ ;tre
400
'410 P1,--a

:90
2150
510 -a -i t-

116



3530 StoreS _data(-),Dates.Pre___ate$)
3540 -. lear-c:
3550 "0JO 

M enu
3560 C_ new: OFF KEY
3570 eturn-l
3580 CLu Clear-:7t
3590 CALL Check ChkS)
3600 -F ChkS"v" THEN COTO C store
3610 7F Dm--l THEN OUT0UT Nwaa"FRE3:"
3620 OUTPUT &Nwa:"CONT:GATEON:"
3630 A IT S
3640 SUBEXIT
3650 C strt: OFF KEY
3660 Ieturn-O
3670 CALL Clear crt
3680 CALL Check(ChS)3690 IF ChkS 'Y" THEN GOTO C _store

3700 OUTPUT @Nwa:"RECA8:"
3770 SUBEND
3720
3730 ! THIS SUBROUTINE STORES A FREQUENCY SWEEP FILE.
3740
3750 SUB Store(Sdata(-),DateS.PregateS)
3760 OPTION BASE 1
3770 CALL Clearcrt
3780 PRINT
3790 PRINT
3800 PRINT
3810 PRINT ....
3820 PRINT insert storage disk into the rignt-hand osk orive."
3830 PRINT
3840 PRINT " press ';CHRS(129):"CONTINUE":CHRS(123):" 3hen yo
are reaCy.

3850 PaUSE
3860 CALL C!ear-c--
3870 Name:?RINT "The iile name must nave at least one uPPER CASE letter."
3880 PRINT ....
3890 :1PUT ' Enter the file name for the current set of data." Dt_fulelS
3900 File_name1S-LWCS(Dt_filelS)
39!0 Disx: CREATE BOAT Dt fi!eS.,,23C4
3920 ASSIGN @Dt file TO Dt_fiieiS
3930 OUTPUT -Dt_filel:Sdata(-)
3940 ASSIGN @Dt_file) TO -
3950 CREATE BOAT File_namelS.2.30
3960 ASSIGN @Fxlenamei TO Fe_name!S
3970 OUTPUT -F:!e_ a e . Dates
2980 OUTPUT CIie _nar .& :re_ate-
3990 ASSIGN iF ie_nae TO
aOOO 3JEEND
L1070
020 -- '!S S:JBROUTINIE --E " :EIJ T E F T EFN CUT.

-111aO -_'9 ,7 ['atea,)

-4]60 [11 -(6)Pc5) .t(2E,..) . re1ere'ce4 I,2),.?o:_:z GS) .PcLot(370)

,U80 A 6iG) 'Nwa 73 7!6
4090 ASSI t; @Nea_datal TC 7".FOR T OFF
4100 JrTEGER Preamcoie,,Iz..3
4110 New: --iLL C~ear-crt

1120 P'TNT "qt present. rniy tze :cU :eoree cjtirn is actiue.
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4130 :N-, *:nout the parameters ?or n~e pattern, cut.
4140 Lz: NT
4150 --; NT
4160 :-0ur Operating irequency) (Between 2 and 18 GHz)-.Jreo
417C : req<2 OR Freq)18 THEN G372 4160
4180 &- LL Cear crt
a19 I o .p UT -! hat gate do you want (ns)? (5eiauit is 7 ns)-7iegte
a200 77 T negte-0 THEN Tme-gte-7
4210 :1re_gate5SVAL$(Tmeqte)
4220 Po!S---
4 230 :T4PUT Polarization? (Enter VJ or H: Default is horizontai)-. 0 oiS
4240 1 oIS<>' AND PoiS<>~-H" AND Po1s(>'V" THENJ GOTO 4230
4250 Poi I- -H OR PolS-'* THEN
4260 PoIS-"HORIZONTAL"
a270 D01.0
4280 EL-SE
4j290 --oI S )ERT ICAL"
4300 roi1
a310 :>ID IF
6320 CALL Clear _crt
4330 S;:eec-0
Z1340 PRINT - hat is the rotation speea ot zne target-"
4350 PRINT -(Defauit is 1.5)"
,3360 PC:NT
,a370 P;INT SLOWEST FASTEST-
4380 PRINT----->.
4390 PRINT 1.5 0. 1-
4400 INPUT Speed
4410 IF7 Speea-0 THEN Speea-1.5
4420 IF Speed(.1 OR Speec>1.5 THEN GOTO 4400
4430 CALL Clear-crt
4440 Anclei0O
4450 Angle2-36O
4460 Resoiution-1
4470 !' PUT " Starting aspect angie?".Anglel
L480 CALL Clear-crt
Z1490 ! NPUT " Ending aspect angie?".Angle2
4500 CALL Clear-crt
4510 ! 7NPUT " Angular resolution? (Default is I degree) ".Pesoluti'on
4520 1 ' Resojtion-0 THEN Resoiutionl
a530 CALL Clear-crt
4540 PRINT "You have input the following Parameters."
4550 PRINT ..
4560 PRINT""
LJ570 PRINT " Operating frequency........
4580 POITNT Gate u~ct..................... neot s msec.
-59O :"-NT Po iar iza: i,,r.............
4600 =, tT Start ina a=ipect angie. MAnclc- "cegrees.
.1610 -N - :ndind~ aLa:et .r , e............ " e -g.ees .
4620 714rT (nouiar rmsoiution ........ soiution."dearee."
-:iG30 PT 'T 7arget r:c7atitn rate.....; eeC
L640 I NT
-650 F~'

67 UT"Do you want t-c.ance anytn.-ncg' :-:er r Dr :J: --e-aut is o-il:
4i680 77AnsS\'>" AND kn,-' 7i 7
,J630 AnsS-- rHEN G,:T <:
L,1700
,j?1rI '--E ---0L'LWING L.P,'ES '--:D :;?='j: :i7,I: 2- ~ 50
-.72L'
*730 2JUTPUT zNa'~k1 P-o
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4740 OUTPUT @Nwa:"GATESPAN": Tegte:"ns:"
4750 OUTPUT ;Nwa:"EITO;"
4760 4o oegs-Anqie2-Angle1
4770 No _incrms-Noaegs/Resoiutjon
4780 zRINT PLEASE WAiT"
4790 .AIT 3
4800 1
4810 'T7E NEXT SECTION CALLS ThE HEADER AND MEASUREMENT SUBROUTKNES.
4820
4830 MeasurementS-"PC"
4840 CALL Refbkgno_hdr(PoLS.teasurement$)
4850 ReoS-'"
4860 CALL Bacxgroundmeas(ReoS)
4870 CALL Rei_har(PoTSMeasurementS)
4880 CALL Refmeas(Sphamp)
4890 1
4900 'ASK IF THERE IS A DIFFERENT TARGET BACKGROUND
4910 '
4920 PRINT Do you need a separate target backgrouna_''

4930 PRINT
4940 ReoS-""
4950 INPUT "Enter Y or N (Default is no).",RepS
4960 IF RepS-"N" OR RePS-"" THEN GOTO 5010
4970 IF RepS<>"Y" THEN GOTO 4950
4980 CALL Clearcrt
4990 CALL Tgtbkgndhdr
5000 CALL Background_meas(RepS)
50?0 CALL Tgthdr
5020 CALL Tgt-meas(Pdata(.).NoincrmtsSpeed)
5030 ,
5040 ! THE FOLLOWING LINES CALCULATE THE RCS OF THE TARGET.
5050
5060 ! Plot_dt(J) ...... RCS of the target (aBsm)
5070 ! Rcs ............. exact RCS of 'he 5 inct) sonere (dgsm)
5080 Pcata(J) ........ target - target bacigrouno (dBsm)
5090 Spnamp .......... reference target - reference target oackgrounc (dBsnJ
5100
5110 Diam-5
5120 Rcs-1O-LGT(PI-(Diam-.0254/2)'2)
5130 FOR J-! TO 360
5140 Plot_ _t(J)-Rcs+Paatalj)-Sphamu
5150 NEXT J
51GO !
5170 ! THIS SUBROUTINE DISPLAYS THE PATTERN CUT Oil THE CRT.
5180
5190 CALL Show crt(Fre.Po.ateE.Pre'aae$C..:,ce.._. )
5200 T, Choice-i T ,J,j .e

5210 -,ALL Clearcrt
5220 12USEND
5230
S240 71iS SUBROUT71E _A. --E
5250
1260 ILE Cear _crt

230 ULErlD
5290
5300 ' -"IS 2UBROUTIiE PERFR:ls TR E ;7TTh CUT ,4i;ET :R"H,RE1NT.5310
-320 _B Tgt neas(Pdata .'. cr.:
5330 O:TION p4ST 1
5340 vSSIGN !Nwa TO 7"6
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535C ASSIGN -Nwa catal TO 716:FORMAT OFF
5360 OUTPUT 709 USING "
5370 OUTPUT 709 USING "K":"S1.O"
5380 OUTPUT 709 USING "K";"C40.O"
5390 R.INT :CHRS( 0):"ASURNGC-RS(1Th)*" the target

5400 -TR 1=1 TO 360
5410 OUTPUT iNwa:-OUTPMARK:-
5420 ENTER iNwa;Fdata(1).3
5430 OUTPUT 709 USING "K":"I4"
5440 WAIT Speeo
5450 1.EXT I
5460 - LL Clearcrt
5470 SEEP
5480 SUBEND
5490
5500 -HIS SUBROUTINE S A HEADER FOR THE PATTERN CUT TARGET 4EASUREMENT.
5510
5520 SUB Tgt-ndr
5530 CALL Clear _crt
5540 POINT Get ready to measure tne target.-
5550 PPINT
5560 PTKIT Has the controller been assirea ro the r-P 85107"
5570 DR:tT (Enter 'OUiT L on the nancnel "
5580 PRINT
5590 PRINT
5600 PRINT
5610 PRINT " Hit CONTINUE when the target is in place."
5620 PAUSE
5630 CALL Clearert
5640 SUBEND
5650 '
5660 1 THIS SUBROUTINE PERFORMS THE PATTERN CUT REFERENCE AND TARGET BACKGROUNO

MEASUREMENTS.
5670
5680 SUB Backgrouna_meas(ReoS)
5690 ASSIGN @Nwa TO 716
5700 OUTPUT -Nwa:"DISPDATA:AVERON32:"
5710 WATT 6
5720 3UTPUT lNwa:"DATI:MINU:DISPMATH:HVEROFF:"
5730 BEEP
5740 SUBEND
5750
5760 !-'IS SUBROUTINE PERFORMS THE PATTERN CUT REFERENCE TARGET MEASUREMENT.
5770 '
5780 SUB Ref meas(Sphampi
5790 ASSIGN ;Nwa 'u 716
5800 ]PTION BASE 1
5810 OUTPUT '5Nwa:"AVEROt:V>
e8?f .. TT A
530 jUTPUT iNwa: "CUTMPK:H...r
5840 ENTER iNwa;$Pnano.350 EEP
5;60 'Z-;L Clear _cr
570 ,E-ND

5890 ! -C7S SUEROUTiNE 7C A EA3E TF 50TH T-E FOEGL,E'CY RESPONSE AND PATTERN
:jT REFERENCE TARGET :EASL::~i£f,-.

5900'
5910 KE Aef_hdr(PolS.Measurenen --
5920 Ck L Ciear_or:
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5930 :0 !easrementS-"PC" THEN GOTO 5370
5940 :INT " re tne antennas aiigned fcr".Poi$." Poiarization?'
5950 ;RINT
5960 PRINT
5970 PRINT Put out the reference target.'
5980 ;;:NT hit CONTINUE wnen you are reacy."
5990 ;OUSE
6000 CALL Clear_cr:
S010 PRINT .;CHR$(130);"Measuring ";CHRS(12S):" the sc,
here."
6020 SUEEND
6030
G040 -4IS SUBROUTINE STRES A PATTERN CUT FTLE.
6050
S060 SUB Stre(Date$.Pregate$.Vew(-)
6070 OPTION BASE 1
6080 CALL C:earcrt
6090 PRINT .
6100 PRINT .
6110 PRINT .
6120 PRINT .
6130 PRINT "nsert storage disk into the rignt-nana oizK crive.'"
6140 PRINT
6150 PRINT Press :CHRS(129):"CONTIUE": RS(23):" nen v
u are reacy.
6160 PAUSE
6170 CAL Clear crt
6180 Name:PRINT -The file name must have at least one UPPER CASE letter."
6190 PRINT .
6200 INPUT " Enter the {Kie name for the current set of oata.".Dt_1lie25
6210 File_name2S-LWC$(Dt_f,!e2S)
6220 DIsK: CREATE BDAT t Dfie2&.1.296O
6230 ASSIGN *Dt_fie2 TO Dtfie2S
6240 OUTPUT iDtfle2:View()
6250 ASSIGN Dt _iQe2 TV -
6260 CREATE BOAT Filenane

2
S,2..O

6270 ASSIGN iwiiename2 TO Filename2S
6280 OUTPUT WFile_name2.1:Datei
6290 OUTPUT @File_name2.2;PregateS
6300 ASSIGN YFiie_name TO -
6310 CALL Clear cr:
6320 SUBEND
6330 !
6340 ! THIS SUBROUTINE MAKES SURE TPE USER HAS REMEMBERED TO SAVE THE DATA.
6350
6360 SUB Checw(CO$)
S370 -uINT .
Q380 POINT .
E390 OW! -
5400 POINT4410 ;ZZNT " -ave you vav ,c "w,,r 7aza" -: wlii ne :cs: ii you haven r.''

-420 :
2430 Q K W
1,40) "' IT "- 0 .... - 1,, Td" , -- r ' r 7• 'aw in na ",ir

E450 Qw.
0,60 .:E E'W,
0470 1

"480 !-"E '_, 07 ZSiwS , 7-4 5=01, 07 ON THE CRT.

1500 SU'B ".hou_ r I r = Za , r _a e . -: c .]e i

6510 Start:'- sear-C77
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6520 )ThIT
6530 :_lTTER IS 3.":NTERNAL"
6540 "mn-ViewWl)
;550 'nax-f'min
6560 :]R 1=1 T0 361
6570 V:ew .<YmLn T'EN Tmin-View(l)
6580 77 View.i)>Ymax THEN Ymax-lew(i)
6590 "iEXT :
6600 max- max10
6610 max-PROUND(Ymax.i)
6620 fmin-Ymin-iO
6630 'iin-PROUND(Ymin.I)
6640 Range-Ymax-Ynin
6650 ;RAPHICS "t4
G660 lOVE 0.95
6670 CSIZE 3
6680 _ABEL NaeS
6690 3IZE 6
6700 LJRG 6
6710 71R I--.3 TO .3 STEP
6720 MOVE 70i.100
6730 LABEL "L 4 OBSERVABLES"
6740 NEXT I
6750 _2KG 1
6760 CSIZE 4
6770 MOVE 0.62
6780 Label$-"RCS"
6790 FOR I-1 TO 3
6800 LABEL La.eLS[l.l
6810 NEXT I
6820 MOVE 56.15
6830 _ABEL "ASPECT ANGLE"
6840 ',IENPORT 15.125.30.90
6850 :.AMC
6860 -4NDOW 0.260.fnin,ymax
6870 HXES 5.2,0,Ymin,5.5.Z
6880 :SIZE 3
6890 .ORG 6
6900 CLIP OFF
6910 OR 1-0 TO 360 STEP 45
6920 IOVE I.'mtn-l
6930 LABEL
6340 NEXT I
6950 LORG 8
£260 7OR IYmin TO Ymax STEP 10
6370 MOVE -
6980 _ABEL
-990 NEXT I
7000 -=R 2-O 7, 3C9
7010 OLOT T. lew1[+ 1 )
7020 2FXT I
7030 i' KEY 0 ABEL "SHIFT DATA' * T0 Sh07
7240 . KEY . --- __ _.

7060 '; Vr ' aD 2 . RE '.E P " r700 ! KE 3 GTO li
-070 . Ef -ABEL "NEW PC" OTO ¢ .j
7080 V tEY5 LABEL "DUMP TO PRNTR"- GT DQ.
7090 i E! GOTO id!e
7100 KEY 7 GOTO !,:Ie
7110 :'1 KEY 2 GOTO I1e
7120 Df KEY ? -ABEL 'MAIN MENU- COT- C -- -
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7130 "]N KBD G]TO3 Bottom
7140 1 le : -SP C'-'( 131 :CHRS( 12) '"MES( TTMEDATE)
7150 A,
7160 u3TO Idie
7170 Daun P NTER! 1 01

7190 ;:RNTR~- !S CR7
72100 20 7ol
7210 Shifft OFF KEY
72120 'RAPHICS 3FF
723 ALL eacr
7240 -:' V'eui(361).Plot _3t(365)
'25nl 1PUT .. ow many ceqrees gnoula the data ne sniftec? --o : s ~ ef r

-60 Shit<-360 GR Shit>360 THEN GOTO 7-,j
'270 Sihx:0 THEN

'290 :LSE
71300 Shft-Shft.-fl
7310 7?ND I,:
7320 -71R !-! TO 360-Shft
7330 View2(I)-View( >S'hft)
7340 NEXT I
7350 ::"R 1- TO Shft
7360 View2(360-Shft+I2)-Viej(I2)
7370 NEXT I2
7380 z-, !3-1 To 360
7390 Plot_ct(13)-View2(I3)
7400 VewUI3)-View2(1?)
7410 NEXT 13
7420 2OT0 Start
7430 C stre! OFF KEY
7440 'ALL Clear-crt
7450 GRAPHT1H OFF
7460 j 361)-re
7470 View(362)-Pol
7480 'CALL Stre(DateS.Pre_gate5,View(-fl
7490 CALL Cearcrt
7500 GOTO Start
7510 C new: C ' F KEY
7520 'RAPHICS OFF
7530 CPALL Clear-crt
7540 Th-oice-i
7550 CALL Ctneck(Chk$)
7560 C ~"THEN GOTO Cstre
7570 SUBEXI17

30C--17 -RAPHICS OFF
_AI 2~LL C~ear crt
o~j -ce-

7610 CL , ,eck(ChkS)
7G20 FCh S-"Y* THEN.' GOTO C _itre
7F30 2JBEXU-

S450 C .aror

660 '-J2E~iD
6B70
7580
7'630 SCUB Or c _cnoice

7*.30ri:-en ov' jana j. ..-erney, iiav'I~
'710 -

7720 Ch.cice: .:,7NT
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7730
77,40 7::
7750 -IjT WHAT 7VOE 79 _ LE " O YCU 41SHj 7 P 0E
7760 ZT :!7REOUENCY,'77ME D TA _ * PPER OCES 7
,'770 N' KEY 0 L. EL -'7EQ/TI.M GOTO Pr"qtim
7780 -:KEY ' 079 :cle
7790 _N KEY 2 ",q6EL " I TTEFN' 0070 Pattern
7800 2"N KEY S G070 Icie
7810 -'1 KEY 4 COTO Idle
7820 Cp KEY 5 GOTO Idle
7330 7'1 KEY G GOTO lile
7840 Ui, KEY 7 C0T0 Idle
7350 -,!' KEY 3 COTO Idle
7860 ON KEY 9 LABEL EX7T- 0070 Exit

7870 c~e: 0i3P RESS'APPROPRI417E OTEr
7880 0070 Idie
7390 P reqtir: :ALL C..-_scrlee :RS30:atCR(). ietessz

m is oeing cont igurec.'
7910 :F ' KEY
7920 C-ILL P:rocp jot
7930 0Y07 Choice
7940 Pztern: CALL Cir _scr
7950 :::' -
7960 CALL atprocpiot
7370 0070O Choice
79F-Eit CALL Cir-scr
79c IFF KEY
80 2JBEND

8020
3030 308S Procpjot
3040 v 4 ritter oy Dana J. :Bergey. ilay 1989
3050 I-PTIN BASE*
9060 4SSIGN iNwa TO 716
3070 A 3SIGN -iNwa_aata TO 716:FORMAT OFER
8080 DIM Trace-ata(8 O1.2).Plota(t(801).Data(801.Z)
8090 OUTPUT @Nwa:-RECA8;POIN8G1:"
8100 WAIT It
3 110 CALL Ciear-or:
3120 Input: CALL lnpLt race-oata(-), ate$.F ie-nameS.FrI.F r 2.Poiar ity rreoarez

',; 2LL Pr-esent cata(Fr1F r2 ,Trace_data(-))
340 OUTPUT iNwa.-GATECENT 0:ENTO:'"
B51) Dn- I

3160 ;ate--
.:79 CALL C~r'r
3',30 en: z;7N

J NT

-60N A :H~ 19 O RE NOW VIEWINiG ' tE FREGUENCY DCii1:.'

EY 1 -16E :'E CMA144 -,OT0 Domain
:SLABEL NE DATA '07u Iew-cata

_90 E
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3300 - !N' AOR('2):" RE NOW VIE; iNG :' MAIN" :C iRs(
23)
3310 _'N K~ 1 _ BEL L--M. O~IV ',,7 Domain
'3320 ON KE -ABEL GATC~ oE" -3TO0 Gate
3330 : N0
_3340 :;N'
3350 IN T
3360 GF ate-, "EN P:INT ':CHRS(179):-A TTME 1CT E-4SEE P PLIED
THE DqTA-:CHP4S(12S)

8370 _I KE'~ ;B2EL OT"7 'TO PFot
8380 ON KEY 7 0TO -c
3390 -N KEY 9 'A.BEL EXT" 'CTO Exit
3400 ON4 KEY --OT _c .
3410 -_N KEY f' T0O lcle
8420 ON KEY GT 07::.e
3430 24 KEY ' 320 ce
3440 ON KEY 9 GOTO Idle
'ASO Idle: -,:SP "ENTER PFPPOPRIATE 2OFT ',EY.'*
3460 0070 I,:e
3470 Donain: ws---Dm
3480 7Dmi1 THEN
3490 1UTPUJT wNw.a:'Eg:
8500 E-1--
3510 JUTPUT ;Nwa: 'T:'1B:LO0'1M:-
8520 WAIT2
8530 END IF
8540 CALL Clr-,-
8550 GOTO Ment-
8560 New~ oata: -,,- CI: _sc-
3570 OF. KEY
8580 'OUTPUT i-u4a:'7Er:CNT :GATEOFF:
8590 GOTO Input
3600 E x ,t: I? 'LL L s _c r
8610 377 KE
3620 ->JTP'.T mlNwla: 'ECA88]N
8630 SOBEXIT
3640 Gate: 'ALL Cir _scr
8650 ON KEY 5 LABEL ~CIAEGATE" 0070 Cnoif
3660 r1N KEY 7 LABEL " -ENTER" SOTO1 Center
8670 ON KEY 9 LA BE L............3:70 Span
3680 '' KEY 9 GOTO Idle2
,3690 ON KEY 1GOTO Idle'
q700 ON KEY 2 GO1 Ile?
8710 ON4 KEY 3 SOTO Idle4'
3720 i]N KEY 4 6070 Idjie2
9730 0'I KEY r GOTO :dle4-

470 7'4 KEY 8 ';010O :d 1e;'
:750 ILe2: 7::SP "EN"TER P: 00n -a7
760 <70 oaeO

D770 n _ALL Crc
730 ate- '"aze

3790 :7Gpte-l TwE OUTPUT .a
-;j ate- -E -I~ a: :.

L '. -cr
I'r HEN 0 ;TPUT ~. 2ELO:

840 Dn-I
350 Gate- 1 7EN' OUTPUT ia'OEF'

36 t~e-
p 870 i ') IT ;-Nua; '3ATFCEN7-
8880 LOCA- 711
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8890 7:PNTJ
8900 :2Z~NT
8910 D INT
8920 :RINT ~SE K'.' C B 5: C N~ 7
8930 :;USE
a340 1,7PIJT N j O
8950 GCTO Gate
8960 Span: 2-iLL 21 cr
8970 0 m-1 THEN-I OUTPUT -;Nwa:2-MBLG:
3980 :m-- 1
8990 Gate-1 -mEN OUTPUT Nwa;
9000 ,aze-
10 10 §U2'IJT ;Nwa: 'AlTESPAN:
9020 --,-A!- 7*3
3030 :;' 'RNT
3040 OPTNT
'-050 PR-:NT
'3060 PQ 'JT SE KNOB ON 85'O --ET -ATE 2PAN. 'EN ~S
9070 POUSE
e080 O-UTPUJT iNwa-;E.'1T0:
9090 EGJTC Gate
9100 Plot: CALL Clr _scr
9110 PRINT 1ease >S
128):

312) 2FF KEY
9130 A~SSIGN sNwa cata2 TO 716:FOF.MAT ON
9140 OUTPUT @Nwa:'P0RM4:OUTPFORM:"
9150 EN1TER iNw~a cata2:Data(-)
9160 FOR I-, TO 801
9170 P'ot-dt(I)-Datall.)
9180 NEXT T
9190 Gate- THEN
9200 OUTPUT m-Nwa:-GATECENT:OUTPrCT:;
9210 7'ITER ;.Nwa-data2:Gate _cent
9220 .UTPUT :Z?4a:"GTESPqt14:COUTPArT7<
3-230 :-%TER ;Nwa-data2:Gate span
9240 01-TPUT -;Nwa;-ENTO-."
9250 SE~
9260 ,ate stanO0
?270 0D !
?290 ate-cent-Gate -centIO09
9290 - te - oan-6ate-soan-10-?
9300 27 7*T-HEN Banoiwidth$--2-' (",H z
3310 -- THEN Banawictn)S--
9320 7 TH4EN 8amcu i ct nS -
93330 P c0~r t -i -

-340
3-350

3280 "EE -. ,
9 390

400j

9450 ,'-

jZ470 C
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9490 Z:-- LINE TYDE DE-SCRIPT3N"

3510 :NT ) - Solid line"
-520 7

11530 Z) NT : . ho rt dashed i me'

?550 :: rN T to 6 - -rogressiveiy x'nqer :asnieE
9560 7N K:Y f) LABEL - 7 T Z07 :ero
9 570 IN KEY 1LABEI .G- OTO One
9580 ON KEY 2 LABEL -2- COTO Two
9590 CN KEY ;LABEL '"COTO 7hree
9600 3N KEY 4 LABEL COTO Four
9610 7N KEY 5 LABEL -5- G070 Five
zo620 ON KEY LABEL C0 OTO Six
9630 2N KEY 7 007 LiaIe
?640 ON KEY 3 C0TO Licle
3 650 ON KEY 9 G070 Licle
3660 L~cie: DISP -SELECT L:!iE- TYPE"
9670 G070 Liale -
9680 Zero: --ifltyp-0
2690 COTO Plotmenu
9700 One: Linltyp-1
9710 COTO Piotmenu
9720 Two: Lin-typ-2
9730 GOTO Plotmenu
9740 Three: Lifltyp-3
9750 COTO Plotmenti
9760 Four: Lin_typ-4
9770 GOTO Plotmenu
9780 Five: Lontyp-5
9790 (-070 Plotmeni
9800 Six: Lin-typ-6
9810 GOTO Plotmeni
9820 P.ot~gric: CALL Ci: _sor
9830 -J;"; KEY
93840 ThLL Scaie cn)(Ymax,Yiin.Plot-at(-))
9850 C~L 0; socr
9860 IF Dm-f 7ThEN CALL Draw_oi(Ymax.Ymin.Frl,Fr2.Dm.Nwim_ traces)
9870 IF Dm--1 THEN CALL Draw~pl(Ymax.Ymin.T1.T2Dm.Nun traces)
9880 ';,'TO Plotnentiu
9890 Plot-cara: CALL C-"rscr
3 900 PRINT " ?lease ':CHRS(130):"iWait:Cff-!RS(12'S):" niie tme
:a is oiortec,'
99310 i]Fr KEY
9-920 CLL DrwaaPo o(..xmnFl~ae.ao~c~Z :y-pre _m
es. Gate -ent (ate-spar. OareS,.Nur,_t races..Limtyp)
*9930 .'.L: -. er cr:
91940 --- 3otmenu
?950 P:-- exi-L CALL 1-:7 _cr
9960 e
;9:970 :EN D

00 0 iten Dy Dana ber'gey. Ma, %
100 -4 BASE I

10,, :: Data(;605)
'!,1041 ': ear Lc -t

.3070 :N nsert disc containing data t..- o c- si. 0.-
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r lye.
0080 14 T
0090 7~ NT"Press :R(P:'-NT NUE;CHRS( 123).

uflen r- cy.

10 !SE

!0120 _-zL '_.ar::
: 0130 iPUT "'o vou wiisn *0 see iisting oi dis (y or N)? Deiauit is PO"X
sts
70140 ists- Y. TEN

0160 _IJ KBD i3CTO Aaain
0170 _SP '~(2:> s ace bar -jren reacy .:-'RS(IJSQ)

10180 1 3D:' i _0
' 0190 _
0200 --]O ai
:0210 40 Z1
0220 Acain:tALL C.ear _or:

10230 -F; KBD
10240 77 EROR
:0250 Name: I NPUT "Enter tne ti:e name oti the storec fl:e.",Fiie name-S
10260 _.f ERROR GOTO E.-,-!
'0270 '--0 i.nbouna
10280 Err ORINT ERP.MS
10290 -'ZITO Name
10300 Inoouno PRINT Please"; CHRS( 130); wait":CHRS(128);- while your

;iis being ioadec and Processed."
'0310 ASSIGN jFilei 70 File-namneS
10320 ENTJER Wiie1:DataW-
10330 ASSIGN WFilel TO

1030 R iI TO 801
10350 race_cata(.)0Data(I)
10360 7race _aaoa(l1.2)-0ata 1±801,
10370 EpXT
038C Ya+ta(1F03)
10390 r-:2-ata(1604)
10400 Doiarity-Dazza(1605)
i0410 Date tiieS-LWCSCFidenaiieS)
10420 ASSIGN iirile2 TO Date -tileS
'0430 E.'TE ;Fle-2.! Date5
10440 ENTER i;7iie2.2;Pre _gateS
!0450 ASSIGN 4Fiie2 TO
10460 1SUBEXIT
10470 Err2 :CALL C:ear _crt
10480 2SP ERRm~s
10490 BE
10500 ERROP
0510 .0 Start
1 0520 S;-'E E 4

'0550 E rengar aeat()
*0560 ,r ri -,er, c-

:r590 -1~ JUntt
10600 a 7SGN 4La

:0)610 -1BSGIJ iJuaaa 7 C-Fr .T I
10620 TiTPUT pL 1O -

*0630 iTER ;Nwac a-:. rs...;.u
10640 .- i
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'0650 IJTPUT iNua; -STAR" r FH-~
10660 -AIT -,
10670 I'JTPUT ;Nwa-ST0P-:FrZ;-'OHz:-
10680 WAI 21
10690 -M-1
'3700 -JTPIUT ;Nwa:H0LDGTECQF:
10)710 OUTPUT wNwa;-F0RM3HPURA.1-
'0720 W TPUT ;Nwaoata:Peanoie.Size.Trac-.
10730 SL'BEND
10740
10750
10760 S-UB Scale _cn(rnax.nin.Plotat-)
10770 1 Written oy Dana -Bergey. Iay 1929
70780 10PTTON BASE I
*0790 'nin-Plot _ot( 1) f :'JITIALTZ-E
'0800 'mnaxYrn
09810 OR J-1 T] 801
'0820 7F Plot _dt(J)(rmin TH-EN Ymin-riot _ot(J)
70830 IF Plot-ot(J))Ymax !HEN Ymax-Pict _ot~j)
10840 'IEXT J
10850 '---LL Clear _crt
10860 P'INT"

'0870 DRINT - SCAL TNG CHOICES

10880 71 TNT' -

'0890 kINT -. . . . . . . . . . . . . . . . . . . . . . . . . . . . .

10900 DRINT"
'0910 PRINT ' The maximum~ vajuie of the current data is -'Thax-. ' dBsm).-
10920 PRINT " Thie minimum vatue oi the current cata v: T n' (dBSn).-
10930 7,9INT
i0940 P RINT 'CH R S (1 2-3 U T0 S CALE':CH R S(12 S)...........-om'Jurer ce-
erates scale."
10950 PRINT ..
,0960 PRINT ";CHRS(12 '3;'USER'CHRS(128);.................. iser aefiies
scale. "
10970 =IRINT

0980 RINT ':CHRS( 1. S) ;"'IrIN MENU":CHRSC'T28):".............z AI t )acK ~C
n~ain menu .
10990 .-N KEY 5 LABEL " UTO CLE- CC70 Auto
11000 ON KEY 7 LABEL " 1SER" 0070 *..' r
i 1010 3 N KEY 9 LABEL ' PIN MENU" -0T.0
'1020 ON KEY 0 GOTO idle
11030 'TN KEY I GOTO Idle
'1040 I:N KE-Y 21 GOTO Iole

1150 N1 KEY 3 GOTO "die
1060 TTKEY ~4 070 tz e
1070 -N1 KEY 6 GOTO Icie

71080 -K KEY 8 GOTO ICle
1 7090 7h.e:DISP "Enter aoorooriaze so': -zey.

i*110 SEr

I ~AI U JS*T:CALL- Ciear _c-:
11750 =CIT "

?650 :r 1T~ * - -- -
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I!170 zPINT "

1 1180 :R TNT " ... N ... . .. .... . . ... . . . ..... .. .. .. .....

" 190 PRINT
:1200 -RNT
"1210 :NPUT "Enter tne maximun value oi RCS scaie ceslred.",Y-ax
11220 INPUT "Enter tne minimumn value oi RCS scaie cesLreC.".Yrmn
11230 Range-Ymax-fmin
11240 IF Range>O THEN GOTO Good rge
T1250 SEEP
"1260 IF Range-) THEN PRINT " Yo have entered the same vaiue io
r Ymin and Ymax."
"270 IF Ranqe<O THEN PRINT - our Ynin i ,.reater than y
our Ynax."
'280 nRINT
2290 HRINT ry again!"
:1300 G3TO 112,0
11310 Gooarge:CALL C'ear-cr:
:1320 OFF KEY
:1330 SUBEXIT
11340 Auto:CALL Clear_crt
:1350 roax-Ymax+l0
11360 Ymax-PROUND(Ymax. )
11370 Ymin-Ymin-10
11380 Ymin-PROUND(YminI)
11390 OFF KEY
11400 SUBEND
11410 !
11420 !
11430 SUB Heading
11440 CALL Clearcr:
11450 DRINT .. .. :CHRS(129):" .-------------------- -------------
- ..........----.....-":CHRS(123)

"14 0 : INT ". .. :CHR$(129):"-
-":CHRS(126)

11470 DRINT " :CHRS(129);"- AFIT'S AUTO0M-- SCATTERING MEASUREM
ENT FACILITY -":CHRS(128)
.1480 PRINT " :CHRS(129):"-

-:CHRS(128)
"1490 =,INT .. :CHRS(129):" - .......... . ...
"--- ---------------":CHRS(123)

:1500 SUBEND
21510
,1520
::530 'L'3 Dra' _F' nax.frin., mzr,..nax. m..wL traces)
"15 4 0 . . : e . by .a t, .t z.ey r. D ,
*550 .-nt:zces-u
'560 .- lear-=
:1570 a 4-a
",580 :: X , - E .:, r, v-

1590 § Ir- - i -- hn O --IV U
1600 -

" 62'. : .. ..
'630 .sT '-re : , ra-r ano tuo pens are in tne piotter at
tine.

• 640 -i7"q ....0 :CHRS(129) :"2NTIUE":C RS(1 c

, nen .

':GGO -
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167C Clear _c-t
1168 ::- Please :HS10: t:HS.2)'i~l

11690 zRINTER 1S 705
* 1700 ES-CHRS(3)
'T710 : :NT ":.NSP1: F !500.2000,SSOO.7500:-

1170 RINT "SC0,801.0.1O0:".
'1730 DRINT 'DJ 0.0PD.801.0.301.100.0,100.O.0 PU:"
11740 P:RINT "S, .2..3:TL 3.0:'"
T11750 -]R X-0 TO 801 STEP 801/Nun-,iv

11770 NEXT X
' 1780 TNT 0

1 790 X-, ~O 301 STEP 801/(Nwn~civ-1O)
' 1800 ORINT ""X".T
'1810 EX T X
'1820 :RINT T0.:
; 830 !-R X-0 TO 801 STEP 801/Nun dLv
1840 PRINT '.P4".X."100.XT,"

1150 'EXT X
11860 DRINT **TL 0.1.5"
1870 O'-R X-0 TO 301 STEP 801/(Nw~_(iv-10)

11880 PRINT D"X10X"
11890 1JEXT X
1 1900 70R X-0 TO 1 STEP 1/Ntjmdiv
11910 P-801-X
1 1920 z'RINT P"P.3
11930 V-Xmini'(Xrnax-XMin)-X
11940 >)-PROUND(V.-2)

11980 NEXT X
1 1970 YDm-l THEN PRINT "PA".Br)1/2.'0:CP -3.-2.5: LBFREQUENCY (GHz)":E5
11980 _-Dm--1 THEN PPINT *PA".801/2'.'Z:CP -5,-2.5: LSTIM'E (ns):ES

12000 -a-ngeYrax-Ymjr.
12010 ;"OR Y-Ymin+10 TO Yrax-I0 STEP 10
12020 PRINT "PA0".Y,"YT"
12030 NEXT Y
12040 PRINT "TL 1.5.0"
712050 Ranqe>4 THEN Little_ ticck-2.S
12060 iF Rariqe<51 THEN Littie tice-?
12070 -7Range,31 THEN Little_ t.-c
12080 2_i Y-Ycr,, Itle _tick TO Yna-X-Little-tick STEP Little_ t1CK
'2090 z DIN "P 0".Y "T
12100 ZYv
'2110 .IT
'2120 -_ - -ra - . z-
!2130 -z -NT T"".
'2140
'2150 :
'2160 -- - T xL:etiKSTEP Little_ ticK
1 21 70 - 1, 2-

2210
2220

'':)230 ' -

72260 '-jni Y VIu.im .3? -iEN Of~et-4
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'2273 Ynur.>-l AND InwTI(o THEN Cifset-3
'2280 Ynm0 THEN Jffset-0
12290 7Ynum>t) AND Ynum(i THEN OffsetC
12,300 Ynum>.99 AND Ynwn'.I THEN Offset=3
12310 -7Ynum>9.99 AND Ynumi(100 THEN Offset-4
2320 7Yu>9.99 THEN Offset-5
12330 ~RINT "?.25-fst'.5L"Ywis
2340 ' EXT Y
12341 Dm-i THEN
12342 PRINT 'PA0".Yon-Rai.e/2:"DIO.1;C? -5.5"
12343 PRINT "'BRCS (dBsm)":ES
' 2344 :-'SE
'2350 'RINT 'PAO .Yiun.Rancae/3;"DIO.1:CPI -5.5-
12360 PRINT -L31MP1JLSE RESPONSE (c~sm)' :ES
12361 E1 1DT
2370 c;ZNT ""~I C"
:2380 191NT "'-j:PA0".Ymin.-.SI .,5. .2Z5:CP-5.-5;-
129 PRINT "ZEliie Name 3anawiati :olarity Soft qate ate Cen:

er' E
12400 7191NT -- 3 13ate Wiath Date' ;Es
1 2410 DORINT 'SPO"
' 2420 -IRINTER TS CRT
12430 SUBEND
12440
1 2450
12460 SUB Draw-c ata(Plot_dt(-),Ymla.Ymin.File-nameS.Banojwiotni.Poiarity.Pre~gate
S.Gate-cent.Gate-span.DateS.Nwm-traCes.Llntyp)
12470 W ritten oy Dana .j. Bergey, May 1989
12480 PRINTER IS 705
12490 PRINT "SCO, 8 01".Trnin.Ymax
12500 PRINT "*SP2:"
12510 IF Plot dt(1)<Ymin THEN Plot _dt(I)-Yrnin
,2520 CF Plot ot(l)>Ymax THEN Plot at()Ymay
12530 rRINT "P100"Plot-0t(1)

250 PRINT "LT2":Lin-typ:':
12550 - Lin_typ-O THEN PRINT L7:"
12560 FOR 1-1 TO 801
12570 -F Plot dt(I)(Ymin THEN Plot dt(I)-YmIn
12580 IF Plot dt(I)>Ymax THEN Plot-dt(I)-Ymax
12590 ORINT -"D",I.Flot_ot(I)
12600 N4EXT
2610 'j11m-traces-Nwn _traces+1

12620 PRINT " 0 j:PAO".Ynin.- :51 I1..5CP5-.
12630 ES-CHRS(3)
12640 IfF Poiarity-i I THEN

12660 - 1
'2670 %s'ETCL
12680 --D I:7
12690 ]R 10-. TO jLhw_t races

'2700 ~PTfT" C
1710 EX
2;720 Z.T JT? '.

7.27 .. ,U, G t
2750 7--

'2760 R '14T .. 7 5:-

12800 ~R :N T
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12810 -RINT -*-2E:Gate-cent:ES
72820 INT "*CP:C?671;"
;2830 PRINT "LB-;Gate-span:ES
2840 No-gate: IR iNT '?CP78. T
*2850 Z, NT -Z?":Datel:s-
2360 Bottom:PRINT "' .2 .":1C.Ymin.-SP

280 RINTER :S ZRT
2880 SUBENO
12890
12900
'2910 SUB Cir _scr
12920 2!IJTPUT KE)D:"V
' 2930 SUBENO
72940
12950!
'2960 SUB Pat _rocoiot
'.2970 ! 'Nritten oy D'ana j. Bergey, Miay 1989
!2980 OPTION BA.SE 1
12990 DIM Ptrace-aata(360),View(365)
'3000 Input:CALL Pat-input(Ptracecata(-),Fr.Date$.Fle name2s.Poi.Pre _qatei)
13010 View:CALL V~iew-crt(Ptrace - ata- 71 le-name2S.Retrn.Coorc:
13020 IF Retrn-2 THEN SUBEXIT
13030 IF Retrn-1 THEN GOTO input
13040 Pmenu:tUN KEY 0 GOTO idle
13050 ON KEY 1 LABEL "LINE TYPE" GOTO Lintyp
13060 ON KEY 2 GOTO Idle
13070 ON KEY 3 GOTO Idle
!3080 ON KEY 4 GOTO Idle
13090 ON KEY 5 LABEL "PLOT GRID" GOTO Pgric
!3100 ON KEY 6 GOTO Idle
3110 O N KEY 7 LABEL "P~LOT DATA" GOTO Pdata
3120 ON KEY 8 GOTO Idle
3130 ON KEY 9 LABEL -7X77T' 12T0 Pexit
1 31T40 Idle:DISP "EIITER APPROPRIATE SOFT KEY"
* 3150 GOTO lcie
13160 Lin-typ:CALL Clr _scr
13170 ON KEY 0 LABEL "C" G070 Zero
13180 ON KEY I LABEL "' GOTO One
13190 ON KEY 2 'ZnPEZ -2" C070 Two
3200 ON KEY 3 .A8EL "2" G010 Three
13210 ON KEY 14 LABEL '~" GOTO Four
13220 ON KEY 5 -ABEL S-' (0 T0 Five
3230 ON KEY P SEBL - Er" G ,7 0 Six
3240 ON KEY iTO Lio1e

320ON KE r 7. , zc.e

270 L Ic - . n. . -, TD 1
T3280 G.1'O L: ?

'3300 (L 0

17 ee: 7
-360 'rTO Pncj
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13430 P~ric: CALL Cir _scr
T3440 CALL Pscaie-cn(Ymax.Thin.r'trace-cata(.))
13450 CAL. C~r _scr
13460 Coora- 0 HEN CALL Pdrawo1l(ymax.rnin.;uiL _ traces)
13470 Coorc-1 7HEN CALL Poidrawpi(Ymax.Imrnn.Nwn_ traces)
T3480 GOT5 Prnenu
13490 Poaca: CALL Cir scr
13500 IF Coora-0 THEN CALL Pdraw-aata(Ptrace-data(),Ymax.YminFileiase2S.Fr.2o
lPre ciateS.DateS.Nujn-traces.Lin-tYP)
13510-IF Cooral1 THEN CALL Poidraw-data(Ptrace-data(-)Yma.Ymin.F~le _name2S.Fr.
Pal .Pre aateS.DateS.Nwn_ traces.Lin-tvp)
13520 GffTO PmentL
13530 PeXnt: CALL Cirscr
3540 GRAPHICS OFF
13550 GOTO View
'3560 SUBEND
13570
T3580
!3590 SUB Pat-input(Ptrace - ata(*),FrDate$,Fdie-name2S.Pol.?lre-gates)
13600 ! W'ritten by Dana .J. Bergey, flay 1989
13610 OPTION BASE I
13620 DIM View(3 65)
13630 CALL Clr-sar
13640 Start:PRINT
13650 PRINT '
13660 PRINT inse.: aisc containing data file into right hand aisle a
r ive.
13670 PRINT
13680 PRINT 'Press -;CHRS(1?!;-CONTINUE-;CHRS(128):

.when ready.'
13690 :'AUSE
13700 ON ERROR GOTO 7rr2
13710 *&;LL Cir _scr
!3720 -NPUT "Do you wis.- to see i isting of oisx (Y or N)? Deiauit is
sts
'2730 7Llist$S"Y" THEN

370 CAT
13750 ON KBD GOTO Again
3760 'ISP CHRS(131I):"P-ress space oar wrien reaa3y.-:C4RS(128)
'770 ioo :GOTO Llooo
3780 E-SE

'70 OTO Ac3ain
-80fl EiD IF
.3810 Aaa n:CALL Clirscr
':20 -P' 1eD

-40 'lane 7'IPUT "Enter t~e ti e nane oi the storea f~le.-.File name2

60 ,iJ7 Inoouno
'.170 -

0 
lR' 1' E C7 Me

A J le aine

9 0 -ace-*ata7) -VI.ewC

ew(2'
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13990 ENER ;Dteti!e2.1:Date$
14000 ENTER oDte-iiie2.2:PregateS
14GIO ASSIGN iOteti e2 TO
14020 SJBEXIT
14030 Err2:CALL Crscr
14040 OISP ERRMs
14050 BEEP
14060 OFF ERROR
14070 OTO Start
14080 SUBEND
14090
4100

"411O SUB Pscale_cn(Ymax.rmin.Ptrace _cata(-))
'4120 ! written oy Dana j. Bergey, Fay 1989
:4130 GRAPHICS OFF
74140 Vun-Ptrace cata(1) TNITIALIZE
'4150 IYn 

NITnA

'4160 IOR J=i TO 360
14170 iF Ptrace_oata(J)<1min THEN Ymtn-Ptrace datakJ)
14180 IF Ptrace_oata(J)>Ymax THEN Ymax-Ptrace-cata(j)
14190 NEXT J
14200 CALL Cir-scr
14210 zRINT "

14220 PRINT - SCALING CHOICES

'4230 PRINT '

14240 PRINT " ........ .............

:4250 PRINT "
14260 PRINT The maximum vaiue of tne current cata is ":-ax:' (,cBsm) .
14270 P;INT The minimumn vaiue o; the current cata iE : n:" (c sr'.
4280 ;cINT
'4290 ::TNT :CHR$(129):"AUTO SCALE":CHR(123):. .......... Computer 'e,
erates scale."
'4300 PRINT
:4310 PRINT ;CHR(129):"USER":CHRS(128):". ............ .User aefines
scale."
i4320 PRINT ....
4330 IN KEY 5 LABEL " AUTO SCALE" GOTO Auto
4340 IN KEY 7 LABEL - USER" GOTO User

14350 ON KEY 9 GOTO Idle
4360 ON KEY 0 GOTO Idle
'4370 T KEY I IOTO Idie

c, ',KEY 7 7UTO :cie4390 3N KEY 3 GOTO boae
, .4 nC it; KEY 4 GOTO Tae
a441 '4 KEY 6 GOTO iaie
-420 N KEY B GOTO Ile
:a430 ".e :DISP "Enter appropriate soft key.'

-Z- -' L ear _cr:

'L470 ..: NT " - USER DEFINED SCALE
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?4520 -JPUT t~er :me maximum '.aILue oj P C3 scaie aesire .-. Ymax
4530 _NU 7ter tne mnianln '-aiue ot PUT CS scaie cesirec.-'.n
.1540 anoe-fnax-n.-n
14550 : Ranoeu -HiEN GOTC Good rge
:4560 :-7
'4570 Range- 2-HEN PRINiT -You have entered tne sam~e vajiue in
r Ymin anc
'4580 Ranqeu - cN PRINT "Your fnin is areater tn~an
our Ynax
:90 IN T

--0 __NT - ry ag~ain!"

4620 Good -ge:- !L _-ear _cr:
' 4630

*o60 BEXT-
14650 A u-iL ~rr
4660 -ax-lax.;,

Yma70 zROUND(Yna-x.i
14680 Ylln-Ymin-!I
14690 Yr-int-POUND(Yrnin. I)
14/00 C1 F
14710 SUBEIND
14720
14730
14740 SUB Pdraw-coi 'nax.rmin,Num-traces)
14750 ! "ritten Dy Dana j. Bergey. May 1989
4760 NJun_ traces=2j
14770 CALL C:: _scr
4780 PRINT"
14790 PRINT ..
!4800 PRINT""
*4810 :Pi N T ---sure that parer and two oens are in tne piotter at t):
G tie. .
4820 :)hT
4830 O:INT Press ":CHRS(129);"CONTINUE":CHRS(128)

when ready.
*a840 IE
4850r-c
.1860 ~P~
*4870 DP7NTE; 705
*4880 -:rHS2
1890 Z- '4 SP I 750.,'000.9500.7500;"

4900 T1T0.0. 00.0.O
L, c -if.'

LqT :"- -- c ,! '3 7- /j5

5 STEP 55
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15063 ::INT -0P-.X.-100.XT'
15070 '4L.XT x
'5GdO : 7 X-0 TC 360 STEP 45
'5090 DRINT "4,.O

:5X<00 -,o TEN PPT ' - LB-- XS XE'S
7 X>9 AND X<100 THEN PR INT 7' L9-1 :L"X ES

15120 -7X>99 MhEN PRTNT "Co -2.5.- -:L3-:X;ES
15130 1ThXi X
5140 P' INT "1:I 180.O:CP -1-2.5: LB3ASPECT ANGLE (DEGREES)":E75
15150 PRINT "SCO.360",Yrnin.Ymax;"Th- 3.0"
!5160 -"nge -'max-fmin
'5170 71- Y.-rnxn-!' TO Yrax-1O STEP 10

:510 INT ''0*y''"
15190 ,7XT
52-;00 . TNT .5. 0'
'5210 -7Range.,S9 THEN LittetcKc2.5
'5220 Ranqe',5 THEN Little _ticic2

1c~230 Ranqe,,J1 THEN L~iz tc
'5240 -7R Y-Y'minLittle _ ticK T0 Ymax-ui:tie _ticK STEP Little-_ticic
15250 PRINT --PP 0".Y."Y T"
1 5260 ' EXT Y
15270 PPINT 0.3"
5280 -A- Y-Imin-10 TO Y'oax-10 STEP !0
'5290 P)RINT "PA 360 "'v.-T
5300 'iEXT Y
15310 :1RINT "TL 0.1.5"
1532G 73R Y-Yrn-nLittle tick TO Ymax-Little-_tick STEP L~t tie_ tici
1,5330 PRINT "PA 30.~

15350 ~"I"T "7L 3.0'
7530 R Y-Y!if TO Yrnax STEP !0

15370 : RINT "PA 0".1Y:
!5380 Ynum-t
'53'30 Ynum-PROUND (Ynu. -9

15400 F Ynum<-939.99 7r4EN f~
'5410 Ynwm)-100 AND YnuJ7-9.99 THEN Offset-5

'5420 -F Ynuwn)-10 AND Ynwn.- .9? THEN 0ffset-4
'5430 7Ynu>-1 AND Ynumt(O THEN Offset-3
'5440 :. num-0 THEN Offset-0
* 5450 Ynuwr,.PU AND Ynuwi THEN Of fset-2
',460 :FYnujn).39 AND Ynwn(10 THEN Offset-3
'5470 7: Yu>9.9 AND Ynun(100 THEN Offset-4

SZ1i80 Yrnin>99.99 TH-EN Offset-5
' 5430 :IRINT " ".-. 5.-Gt set ".25:L"Ynum:ES
1V300 ;EXTf

;30 -5.5

-r;; 0 raw na-,a(t race *:,ata(T.'..ax . n Ln. F iIe _name2S. Fr.Po i. Pre~gateS. Date.

- -- L7 .r~ -r'ey. :lay 1989
- 7
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15650 z-N7 CSP2:
15660 NT 0 1I1- N Trace _ nata(1)I
15670l NT "L2,-:'-n-typ: ":
'5680 in typ0O THEN PRINT :
15690 1= C 360
5700 Prce _cata(I')<Ymin THEN Ptrace _cataD-riijn
15710 _F Ptraceaoata(I)>Ymax THEN Ptraceca ta'i )-Ymax
15720 :RINTPD. rae t(I
15730 NEXT
15740 Nun traces-Nun _tracesl
15750 PRINT U:~ nn:I.15, .225:CPS.-S5:
'5760 75-CHRS(3)
15770 _F Pol THEN
T5780 ,1S--)ERT!CAL"
'5790 E: -SE
15800 D1S-"HRIZ0NTAL"
15810 END IF
'5820 --]R I-0 To NUM traces

580 PRINT "CPG.-i;
15840 NEXT 1
15850 PRINT "LB":Filename2S;E$
15860 PH INT CP:CP2O.1 ;
15870 ;:RINT "L3-,Fr;"GHz;E53
15880 PRINT "CP:.CP38.l;"
15890 PRINT "LB";Po1S;ES
15900 PRINT "CP;CP59.1;-
15910 PRINTLBPrgeSE
15920 PRINT "CP:CP69.l:-
15930 PRINT -! 9:Date5;ES
15940 Bottom:PRINT "SI .2..3:PU0",Ymin.-SP
15950 PRINTER IS CRT
15960 SUBEND
15970
15980
15990 STB Yie-j_crt(View(-).F~iLe name2S.Retrn.Cocra)
16000 ! Written oy Dana j. Bergey. May 19309
16010 Start: CALL Cir-scr

G620 QNIT
6030 -OTTER IS 3."NTERNAL*

7605C rna-Ymin
16061 'OR I-1 TO 359
6070 'F View~I)<Ymin T"..N YMn-iee(l)
16080 IF ViewUl)>Ymax TH;EN Yma-View(i)

j 09 EX T I
*:jJ m ax -Y ra Y.1f

'rax - 0UJD( Y'max

*61 a nae-max-Yrrin
.5 .;aPHICS CiN

611 'VE 0 H

_ r, ane-S

D2k-. 3,-JE;% loc.
'W4 :'SERVA8LES"
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-330 __e

0340 , [E ZOR p 7 S ,3 ,S
$3350 :AME
0363 .L'iDOWN 1 360,Y.-iin., iaA

$3 0 XES . -, .n 5, ,
_)380 :Z

G0 _:RG

4410 __R I=' . C 36,1 S.E

--3430 _.48EL
D440 " EX T :
;450 _,R G 8

i.i.o :.,

$40 ,R I-fn n TO Ynax STEP 1470 MOVE
O480 'ABEL

6490 EXTI
S500 PCR 1-O TO 359
6510 OLOT i,View(L+1)
5520 '1EXT r
n'530 1 KEY 4 LRBEL "3UMP 71 PRNTR" OTO Ddu
6540 -IN KEY 0 LABEL "PLOT RECT." COTO Plotr6550 IN KEY ! COTO Idle
6560 ;IN KEY 2 LABEL "PLOT POLAR" COTO Ploto
6570 N KEY 3 COTO Idle
6580 ON KEY 5 LABEL "NEW DATA- GOTO Newiewta
6590 :N KEY E GOTO Idle
6600 ON KEY 7 LABEL "SHIFT DATA" COTO Shift
65610 _N KEY 9 GOTO Idle
6620 IN KEY 9 LABEL "EXIT " GOTO Exit
5630 ide:ISP "PRESS APPROPRIATE SOFT KEY"
6640 QTE Idle
6650 Ddu Y:PRINTER IS 70

6660 OUTPUT KBD:" N":
G670 =°INTER IS CRT
6680 GOTO Idle
6690 Shift: CALL Clr_cr
6700 DIM View2(361)
5710 TNPUT "How many degrees should the data be shifted F (- for shift left)',Oshi F
6720 7N ERROR GOTO 16710
6730 "7 Dshiit<-36O OR Oshift>36O THEN GOTO 16710
6740 Dshmft>O THEN
67-0 DshLft-360-Dsh[it
6760 EL-E
6770 Dshift=-1-Dshit
6780 END IF
6790 0CR I- TO 360-Dshift
6800 VYew2(!)'Vew.(I*Dsnf t)
6810 NEXT I
6820 FOR 12-1 TO Dshift
6830 ')ew2(60-Dshtft+12)-View(12)
6840 NEXT I2
6850 7CR 13-1 TO 360
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16860 -
!6870 7

10S880 _73Start
6890 : D" hL. SCr

16900 -e t rr,

16920 cJBEX:
16930 Potp: --LL <X.r scr
16940 ;.e tr" ,
i6950 o0rc-
16960 SUBEXII7
16970 'Jewacara: C-.RAPHICS O.FF

100 SUBEXY
7010 Ex-1t: '7RAPHICS G]FT

.7020 - etrrn.
17030 L:LL c': r scr
17040 S'JBEND

17060
11070 --: ' 'm;~'. . finNum- traces)
17080 ,.ritten cDy Dana j'. Bergey. M1ay 1989
17090 '4ii _traces-13

17100 -IL clr _scr
17110 PRINT..
17120 PRINT "
17130 PRINT ..
17140 PRINT Ensure nat paper ana two oens are in -he oiorter at
S time.-

7150 PRINT
'7160 PRINT Press 'C R(5)'~VE;S1S

when reacy.'
17170 :: JS E

710 C"uL Cir _cr
17190 :-;INTER IS 705
77200 ES-CHRS(3)
'7210 PRINT :'NSPl:IP 1000,900,9000,8900"
17220 PRINT "CmnYa.mnya

7230 Cntr-Y'max-'Ynax-Ymin)/2
17240 4umcirc-(max-Ymin)/10
!7250 ;admax1(Ymax-fmin)/2

1720 OR I-! TO Nwmcirc
17270 7CR T-0 TO 2-PI STEP P1/50
17280 X-Cntr-(COS(T)-Raomax/Nwimcirc-I)-.81
'7290 11-Cntr.SIN(T)Radmax/Nuimcirc-I
'730' :-PINT JSING l73!0:-PP.',X.IYD0D:'
17310 2 AGE Z?,,2(1MDD.DDD).30

'7330 'J ''
'73401 EXT
' 7350 - NT  ~JL21

:7360 2-P,~U~ -0/R D/
.,370 mtrtx-'-ntr'-'aamax-C.S(T)-.3;
*738C _-t,-_n:r-Ra~ax-Sjl8T)
'7290 ;INTnJP"Srx~t
1 7400 fnox-Cntraac.a/Nw~mcirc-C0S',(T)-.e1
7413 cv L-ntr'-Raama/Nwicirc-SINl(T)

-7420 :,IT -P0:PA-.Endx.Ercy
* 7430 , T T

;744, ~ T~DI.0"
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7453 "2 s1-Cntr-Radmai/12
17460 21'-.NT *Prj:PA".osl .Cntr
7470 2PINT -'I3":Ymin:ES-

17480 ':RINT -L~dBsm";E5
7490 Ps2-Yrax-Radmax/6

17500 PRINT '0U:P.P,os2.r,-.t
17510 3'RINT "L3":Y-iax:ES
17520 PRINT "LBdBsm. 0 degrees":ES
17530 3S0x-Cntr-(Ymax-Yminu/20
1 7540 090y-Cntr+Radmax
17550 PRINT -0 1:PA",D90x.D90y
17560 PRINT -L390 degrees" :ES
T7570 D18Ox-Cntr-Radmax-?/G
17580 D3l80Y-Cntr
7590 "PINT "DIJ:PA'.,80x.D180y

P70 RINT "L3180 degrees":ES
7610 Arsx-Cntr-Radmax-.8

17620 w'rasyCntr-Raamax-.8
17630 19INT -P!J:PFA",Wrasx.Wrdsy.-;SI .15..225:CP0.-5;"
17640 PRINT "L3Fiie Name Frequency Polarizationi Soft gate

Date-:ES
17650 PRINT "Spoll
17660 PRINTER IS CRT
17670 SUBEND
17680
17690
,7700 S)Ub Poidraiw_ata(Ptrace_data(-)Ya,Ymn,File-name$.Fr.Pol.PregateS.Date
S,Numtraces.Lin-typ)
17710 W ~ritten oy Dana j. Bergey, M1ay 1989
17720 PRINTER IS 705
17730 PRINT 'IP 1OOO,900.9000.8900:SC".Ymin.Ymax.Yminrnax
17740 PRINT *5P2:"
7750 '4umcLrc-UYmax-Ymln)/10
17760 Radmax-.Ymax-Ymin)/2
17770 E"xtra-Radmax/Numcirc
17780 , n tr-Ymax-(Ymax-Ymin)/2
17790 X<P-Cntr+.S5*Ptrace -data1)-Ynin)-.81
17800 PRINT "PU".XP.Cntr
17810 PRINT L172 :Lin typ:W
17820 T7Lin typ0O THEN PRINT -1L7;

780~ R I-1 TO 360
1-7840 Theta-I/180.3.1415'

'750 -((Ptrace data(I)-Ymin)-C0S(Theta)-.81
7860 XP'Cntr-x/2
7870 I'-Ptrace aata(I)-Y~min)-SIN(Theta)
7880 YL-Cntr-Y/2
7890 :'RINT -PoD"Xp.yp
1 900 t4EXTT
7910 ilu'traces-Num-traces-l

1720 o-,ntr-.5-(Ptrace _aata(i )-Ymin.-.81
7930 -:TIN "PO".XP.Cntr
'7940 .Nrdsx-Cntr-Radmax-.

7% 'r1C-~r-aaax-.83

'7370 £CH R S
* 9T' Pol-I ~~
:7990 Doii--ORIONTAL"
*19000 E-.-E

301 2 o IS-'*ER ;ICAL..
-020 D Ir
8030 P:-R 1-0 TO NW?, traces
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18040 PRINT *CO-
18050 ~jEXT 1
18060 PRINT "9B:FLIe nameS;ES
18070 PRINT "CP:CP16.1:"
13080 OR lNT "L3:r:' GHz";E5
18090 PRINT "CP:CP33.1:"
18100 PRINT "LB'*Po1S:ES
18110 PRINT "CP:CP52.1;*
18120 PRINT "LB9:Pre~gateS:E$
18130 PRINT "CP:CP64,1;.
18140 PRINT "LB";Date$:ES
18150 Out-Cntr-Raaimax
18160 PRINT -PU":Cntr.Oiut.-;SPO:"
18170 PRINTER IS CRT
18180 SUBEND
18190

142



Bibliography

1. Hewlett Packard. Basic Network Measurements Using the
HP 8510B Network Analyzer System, Customer Education.
Edition 3.0, HP course number HP 8510B+24D, Santa Rosa
CA, January 1988.

Hewlett Packard. HP 8340B Synthesized Sweeper Operatnj
Manual. 1400 Fountaingrove Parkway, Santa Rosa CA,
August, 1986.

3. Joseph, Capt Philip J. A UTD Scattering Analysis of
Pyramidal Absorber For Design of Compact Range Chambers.
PhD dissertation. The Ohio State University, Columbus
OH, 1988.

Kent, Brian M. and George R. Simpson. The AFUAL Compact
Range Experience. Air Force Wright Aeronautical
Laboratories, Wright-Patterson AFB OH. Excerpt from
Ohio State University short course titled, "Measurement,
Processing, and Analysis of Radar Target Signatures."
September 10-13, 1985.

3. Kouyoumjian, R.G. and L. Peters, Jr. "Range Requirements
in Radar Cross-Section Measurements," Institute of
Electronic and Electrical Engineers Vol. 53, No. 8, pp
920-928 (August 1965).

Knott, Eugene F. et al. Radar Cross Section. Norw.ood,
MA: Artech House, Inc., 1985.

Porter, Butch, Project Engineer for Wright Research and
Development Center's Anechoic Chamber (WRDC).
Personal interview. Aeronautical Systems Division,
Wright-Patterson AFB OH. 28 September through 15
October 1989.

8. Swarner, W.G. et al., Sixth Status Report on Contract
#OR-549651-B28, ElectroScience Laboratory, The Ohio
State University, Columbus OH.

143



Vita

Captain Scott A. Owens

four

years prior to receiving his Bachelor of Science degree in

Electrical Engineering from Clarkson University in May of

1985. Captain Owens received his commission in the USAF as

a distinguished graduate from the University's ROTC program

and entered active duty in September 1985. His first

assignment was to the Avionics Laboratory of the Air Force

Wright Aeronautical Laboratories (AFWAL) at Wright Patterson

AFB, Ohio. Captain Owens worked in offensive and defensive

avionics in the Mission Avionics Division until entering the

School of Engineering, Air Force Institute of Technology, in

May 1988.

144



UN'ASSIFIED

The purpose of this study was twofold. The first objecive was
to ccrrplete the develprrent of AFIT's Far-Field Radar Range with a
fully automated measurement process. The second objective was to use
the facility to invLstigate the scattering of metallic versus transparent
aircraft canopies relative to the scattering of the total aircraft.
The approach for the investigation was: first, to measuze scale model
aircraft to determine the effect of the RCS of the canopy/cockpit area
on the RCS of the total aircraft, and second, to design and measure a
test body which would isolate the canopy/cockpit area from the rest of
the aircraft.

T'he result of the work on the first task is a software package
called AFIT RCS Measurement Software (ARMS). The successful performance
of the far-fTeld-range was validated by very favorable carparisons with
the Wright Research and Development Center's anechoic chamber. The
scale model measurements suggest at most a 5 dB difference between the
scattering from the two extreme cases. The test body, however, clearly
demonstrated differences up to 20 dB at certain frequencies.

This study documents the upper and lower bounds of the subject
measurements in an indoor measureennt range. The Air Force has expressed
interest in steering the investigation to examine materials and/or
canopy construction.
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